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$EVWUDFW 
This thesis is about the ecoliteracy of young children. The study is aimed at determining 
\RXQJ FKLOGUHQ¶V XQGHUVWDQGLQJ RI HFRORJ\ DV WKH\ EHJLQ WKHLU MRXUQH\ WKURXJK WKH
school system. More specifically, the thesis addresses a perceived gap in the current 
OLWHUDWXUH UHJDUGLQJ \RXQJ FKLOGUHQ¶V knowledge and understanding of ecological 
concepts and its implications for the teaching of science in the New South Wales 
curriculum. <RXQJFKLOGUHQ¶V OHDUQLQJRIVFLHQWLILFFRQFHSWV LVZLGHO\XQGHUHVWLPDWHG
this includes complex concepts of ecoliteracy. The research investigated levels of 
ecoliteracy in kindergarten children, how a teaching intervention can affect their 
ecoliteracy, and what factors promote enhanced ecoliteracy. A total of 25 kindergarten 
students from two schools participated in the study. Data were collected by means of 
DQDO\VLQJ FKLOGUHQ¶V GUDZLQJV DQG LQWHUYLHZV $ FRQVWUXFWLYLVW WKHRUHWLFDO IUDPHZRUN
formed the groundwork for presenting the focus of the study and for interpreting the 
results of the data. Practitioner-researcher involvement included development of 
materials, implementing the teaching intervention, and conducting the study. The results 
revealed that kindergarten children had a moderate level of ecoliteracy prior to the 
intervention, that their ecoliteracy was significantly improved after the intervention, and 
that they were able to retain and maintain this newly acquired knowledge. This shows 
that targeted teaching activities can promote enhanced ecoliteracy in young children.  
Whilst their development was considerably varied, a general pattern emerged that young 
FKLOGUHQ¶VFRQFHSWXDOXQGHUVWDQGLQJLQFUHDVHGIROORZLQJWKHWHDFKLQJLQWHUYHQWLRQ7KLV
VXJJHVWV WKDW FHUWDLQ DVSHFWV RI WKH LQWHUYHQWLRQ FRQWULEXWHG WR FKLOGUHQ¶V HQKDQFHG
ecoliteracy and holds clear implications for educators in teaching young children 
science.
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 ,QWURGXFWLRQ 
In the coming decades, the survival of humanity will depend on our ecological literacy ± our 
ability to understand the basic principles of ecology and to live accordingly. Thus, ecological 
OLWHUDF\RUµHFROLWHUDF\¶«VKRXOGEHWKHPRVWLPSRUWDQWSDUWRIHGXFDWLRQDWDOOOHYHOV± from 
primary and secondary schools to colleges, universities and the continuing education and training 
of professionals. 
Fritjof Capra, 2002 
This thesis is about the ecoliteracy of young children. The study is aimed at determining 
\RXQJ FKLOGUHQ¶V XQGHUVWDQGLQJ RI HFRORJ\ DV WKH\ EHJLQ WKHLU MRXUQH\ WKURXJK WKH
school system. More specifically, the thesis addresses a perceived gap in the current 
OLWHUDWXUH UHJDUGLQJ \RXQJ FKLOGUHQ¶V NQRZOHGJH DQG XQGHUVWDQGLQJ RI HFRORJLFDO
concepts and its implications for the teaching of science in the New South Wales 
curriculum. This chapter begins with the background to the study in terms of a need for 
an ecoliterate citizenship, followed by the VWXG\¶V RYHUDUFKLQJ REMHFWLYHV and a 
summary of the significance of this research. Finally, there is an outline of the 
remaining chapters of the thesis. 
1.1 Background and justification 
This section sets out the background to the study, identifying reasons for carrying out 
the research. The justification for this study is three-fold: 
1) There is international agreement and substantiated cRQFHUQV WKDW WKH(DUWK¶V
resources and capacity to sustain the human population are under threat; 
2) Education is recognised to be one of the most effective ways to address the 
environmental and social challenges of balancing the Earth's finite resources 
with our own infinite needs; and 
3) It is also recognised that the formation of a respect for nature begins in the 
early learning years. 
1.1.1 The environmental crisis 
:KLOHWKHUHLVQRXQLYHUVDOGHILQLWLRQIRUWKHµHQYLURQPHQWDOFULVLV¶DZLGHO\DFFHSWHG
description is the conglomeration of a collection of pressing environmental problems 
and issues (World Commission On the Environmental Development [WCED] 1987, 
  6FLHQWLVWV DUH LQFUHDVLQJO\ FRQFHUQHG WKDW WKH OLPLWV RI WKH (DUWK¶V DELOLW\ WR
provide for human existence are under threat (Suzuki 1993; Suzuki & McConnell 1997; 
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WCED 1987). David Suzuki even goes VR IDUDV VD\LQJ WKDW µthe warnings have been 
coming for decades (Suzuki  S  VWDUWLQJ ZLWK 5DFKHO &DUVRQ¶V  
publication of Silent Spring.  
Many experts attribute the declining state of the environment to human activities (see 
Carson 1965; Ehrlich 1986; Gore 1992; Orr 1992; Suzuki & Dressel 1999; Weston 
1999), and 5DFKHO&DUVRQ¶V6LOHQW6SULQJ LV UHJDUGHGDVDVHPLQDOZRUNDERXW 
WKH LPSDFW RI KXPDQ GHYHORSPHQW RQ HFRORJLFDO SURFHVVHV &DUVRQ¶V  ZRUN
documented the impact of insecticides and pesticides on wildlife and human health, 
showing that the then-prevailing agricultural methods were progressively poisoning the 
planet. In doing so, Carson (1965) reminded the world that human beings are but one 
SDUW RI D FRPSOH[ DQG IUDJLOHZHERI OLIH7KH ¶s saw more authors (see Ehrlich 
1971; Meadows et al. 1972; Schumacher 1973) not only agree, but expand on the 
documented effects of human development. Meadows et al. (1972, cited in Baarschers 
1996, p. 20) said, µif we continue on this disastrous road of overconsumption and 
overpopulation WKH KXPDQ UDFHPD\ QRW VXUYLYH¶ 2QH GHFDGH ODWHU WKH UHSRUW µ2XU
&RPPRQ)XWXUH¶WCED 1987) provided scientific evidence of further environmental 
decay, including ozone layer depletion, deforestation, soil erosion, acid rain and the 
greenhouse effect. Then, in the 1990s, the Earth Summit conference added further 
issues to the list, including excess consumption, treatment of poisonous waste and 
poverty (Johnson 1993). All of these factors have culminated in a recent paper which 
concludes thatµ«KXPDQVRFLHW\KDVWUDQVJUHVVHGWKHERXQGDULHVRIORQJ-term survival 
and needs to reconstruct itself to become ecologically sustainable (Natoli & van Moorst 
2004). 
These concerns have led many researchers to re-examine existing views that the earth is 
an infinite resource for human use, and to focus on the promotion of more sustainable 
patterns of development. Managing the environment in a sustainable manner requires 
the assistance of all people, and a citizenship that is both sufficiently motivated to care 
about the environmental issues to participate in management, and also one that has an 
adequate understanding of the science that can underpin effective management 
strategies (Dixon et al. 2005, S8QIRUWXQDWHO\ WRGD\¶VVRFLHW\ LV ODFNLQJ LQERWK
instances. While there may be some concern for the environment, it is often left to 
scientists and politicians to enact policies and implement change. The general public is 
µwoefully lacking in basic ecological knowlHGJH¶ (Dixon et al. 2005, p.122) and 
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unaware of the cumulative effect of individual behavioural changes when interacting 
with the environment. 
1.1.2 The environment and education  
Education is widely considered to be the key to promoting sustainable practices and 
overcoming the stresses being placed on the environment. Further, an understanding of 
ecology in particular has been established to be necessary for both human and 
environmental wellbeing (Pilgrim, Smith & Pretty 2007). Environmental education has 
been identified at the international policy level, specifically by the United Nations 
Educational, Scientific and Cultural Organisation (UNESCO) and the United Nations 
Environment Programme (UNEP), as an important change agent for sustainable 
GHYHORSPHQW,QWKHZRUOG¶VILUVWLQWHUJRYHUQPHQWDOFRQIHUHQFHRQHQYLURQPHQWDO
education was organised by UNESCO and UNEP, and at this forum the importance of 
HQYLURQPHQWDOHGXFDWLRQLQWKHFRQVHUYDWLRQRIWKHZRUOG¶VUHVRXUFHVDQGFRPPXQLWLHV
was unanimously agreed. The resulting Tbilisi Declaration sets out the roles, objectives 
and characteristics of environmental education (see Table 1).  
Table 1. Environmental education objectives according to the Tbilisi Declaration 
Objective Description 
Awareness To help social groups and individuals acquire an awareness and sensitivity to the total 
environment and its allied problems 
Knowledge To help social groups and individuals gain a variety of experience in, and acquire a 
basic understanding of, the environment and its associated problems 
Attitudes To help social groups and individuals acquire a set of values and feelings of concern 
for the environment and the motivation for actively participating in environmental 
improvement and protection 
Skills To help social groups and individuals acquire the skills for identifying and solving 
environmental problems 
Participation To provide social groups and individuals with an opportunity to be actively involved at 
all levels in working toward resolution of environmental problems 
Of environmental education, the Tbilisi Declaration (United Nations Educational 
Scientific and Cultural Organisation [UNESCO] 1977, p.25) states: 
A basic aim of environmental education is to succeed in making individuals and communities 
understand the complex nature of the natural and the built environments resulting from the 
interaction of their biological, physical, social, economic, and cultural aspects, and acquire the 
knowledge, values, attitudes and practical skills to participate in a responsible and effective way 
in anticipating and solving environmental problems, and in the management of the quality of the 
environment. 
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Environmental education is indisputably the greatest channel for increasing the next 
JHQHUDWLRQ¶VHQYLURQPHQWDOHWKLFDQGPDQ\KDYHDUJXHGIRULWWREHPRUHintegrated into 
school curricula (Dixon et al. 2005). Science educators worldwide are recommending 
the inclusion of scientific literacy in the science curriculum for all students from the 
beginning of their formal education (for example see Bybee 1995; Goodrum & Rennie 
2007; Osborne & Dillon 200/RZHSVWDWHVµenvironmental education is 
essentially a preparation for the difficult and demanding task of helping to shift the 
pattern of human development onto a trajectory WKDWZRXOGEHWUXO\VXVWDLQDEOH¶. Dixon 
et al. (200 S IXUWKHUV WKLV SRLQW µ«SHRSOH¶V DWWLWXGHV WR WKH HQYLURQPHQW >DUH@
OLQNHGWRWKHLUNQRZOHGJHRILW«>LWLV@XQUHDOLVWLFWRH[SHFWSHRSOHWRFDUHIRUWKHORFDO
HQYLURQPHQWLIWKH\DUHXQDZDUHRIWKHRUJDQLVPVWKDWOLYHLQLW«WKHUHIRUH [there is an] 
obvious case for increasing the time spent on practical HFRORJLFDOVWXGLHVLQVFKRROV¶. 
However, some people do not believe this is occurring, at least not in any effective way. 
7KHGRFXPHQWµ%H\RQG6FLHQFHHGXFDWLRQIRUWKHIXWXUH¶VWHmmed from a group 
of frustrated people, unhappy with the current system of science education and wanting 
to offer the \RXQJSHRSOHRIWRGD\Dµnew viVLRQRIDQHGXFDWLRQLQVFLHQFH¶ (Millar & 
Osborne 1998, p. 2001). They see the current system as stagnant and out of touch with 
WKH QHHGV RI WRGD\¶V FLWL]HQV ,QVWHDG WKH\ SURSose a curriculum that provides 
µsufficient knowledge and understanding to follow VFLHQFH DQG VFLHQWLILF GHEDWHV¶
(Millar & Osborne 1998, p. 2001). In other words, a curriculum that supports and 
encourages our younger generations to become scientifically literate citizens.  While 
this report originated from the UK, many closer to home have similar views. A national 
report on the status and quality of teaching and learning of science in Australian schools 
was compiled by Goodrum, Hackling and Rennie (2001). They collected quantitative 
and qualitative data from various sources, including teachers, students, scientists and 
members of the community, to establish the state of science in primary and secondary 
schools. Overall, they found the status of science teaching and learning to be 
µGLVDSSRLQWLQJ¶ (Goodrum, Hackling & Rennie 2001, p. viii). The actual curriculum (the 
teaching and learning that actually occurred) differed greatly from the intended 
curriculum (what was proposed to occur) and in some primary classrooms, science 
ZDVQ¶W WDXJKW DW DOO 6LPLODU WR0LOODU and Osborne (1998), Goodrum, Hackling and 
Rennie  (2001, p.ix) also support a curriculum that encourages scientific literacy in all 
VWXGHQWV7KH\UHFRPPHQGVFLHQFHHGXFDWLRQEHGHYHORSHG LQRUGHU WRDVVLVW VWXGHQWV¶
scientific literacy by: 
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«KHOSLQJ WKHP WR EH LQWHUHVWHG LQ DQG XQGHUVWDQG WKH ZRUOG DURXQG WKHP WR HQJDJH LQ WKH
discourses of and about science, to be skeptical and questioning of claims made by others about 
scientific matters, to be able to identify questions and draw evidence-based conclusions, and to 
make informed decisions about the environment and their own health and well-being.  
The focus upon environmental education has resulted in efforts being made over the 
past three decades to incorporate environmental education into international, national 
and state education policy and curriculum documents. In the case of Australia, efforts 
have been made to incorporate environmental education into state curriculum and policy 
documents (see, for example, New South Wales Department of Education 1989; New 
South Wales Department of Education 1993), although education departments have 
been slow to adopt environmental education and, consequently, implement it into school 
systems. Loughland, Walker and Brady (2000, paragraph 1) agree, stating, µdespite 
twenty years of theorising about the practice of environmental education in Australian 
schools it continues to be marginalised LQWKHVFKRROFXUULFXOXP¶.  
1.1.3 The early years 
There is international agreement that educating citizens about the environment is the 
most effective way of ensuring its future. It is also agreed that this education needs to 
start early. The Tbilisi Declaration (UNESCO 1977, p.27) encourages environmental 
education to begin at the preschool level DQG WRSODFHDQ HPSKDVLVRQ µenvironmental 
VHQVLWLYLW\ WR WKH OHDUQHU¶V RZQ FRPPXQLW\ LQ >WKH@ HDUO\ \HDUV¶. A United Nations 
conference on µ(QYLURQPHQW DQG 'HYHORSPHQW¶ clearly sets out the need for having 
yRXQJSHRSOHRQERDUGµ<RXWKFRPSULVHQHDUO\SHUFHQWRIWKHZRUOG¶VSRSXODWLRQ
7KH LQYROYHPHQW RI WRGD\¶V \RXWK LQ HQYLURQPHQW DQG GHYHORSPHQW GHFLVLRQ-making 
and in the implementation of programmes is crLWLFDO«¶ (UN Conference of 
Environment and Development 1992, paragraph 1).  
The scientific community recognises that lifelong scientific literacy and a respect for 
nature is based on the formation of values and attitudes developed in the early learning 
years, that is, between the ages of three and seven (Bowker 2007; McWilliams 1999). 
As early as the beginning of the 20th Century, philosopher and educator John Dewey 
emphasized the need for developing scientific attitudes in children, starting in the 
elementary years (Dewey 1916). Certainly, it is our youngest generations who have the 
greatest investmHQW LQ WKH IXWXUH DQG ZKR ZLOO µbear the consequences of economic, 
social and environmental decisions and actions that are currently being made or 
DYRLGHG¶(Davis 1998, p. 142).  
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,QGHHG VFLHQFH ILWV QDWXUDOO\ LQ WKH \RXQJ FKLOG¶V ZRUOG 6FLHQFH GUDZV RQ \RXQJ
FKLOGUHQ¶V QDWXUDO EHKDYLRXUV RI FXULRVLW\ LPDJLQDWLRQ FUHDWLYLW\ DQG SOD\ )XUWKHU
from early infancy, children are able to organise information, form categories, and 
construct mental representations to explain the world (French 2004; Gelman 1999; 
Venville 2008). Eshach (2006, p.6) lists six reasons for exposing young children to 
science: 
1) Children naturally enjoy observing and thinking about nature. 
2) Exposing children to science develops positive attitudes towards science. 
3) Early exposure to scientific phenomena leads to better understanding of the 
scientific concepts studied later in a formal way. 
4) The use of scientifically informed language at an early age influences the 
eventual development of scientific concepts. 
5) Children can understand scientific concepts and reason scientifically. 
6) Science learning is an efficient means for developing scientific thinking.  
Although few studies have LQYHVWLJDWHGD\RXQJFKLOG¶VDELOLW\WRFRPSUHKHQGDQGOHDUQ
ecological concepts, many researchers (Jordan, Singer & Vaughan 2008; Leeming, 
Dwyer & Bracken 1995; Lind 2000; McWilliams 1999; Rivas & Owens 1999) 
acknowledge that young children are the best audience to target. Davis (1998, p.142) 
DJUHHVVWDWLQJ µone of the greatest tasks for society then is to equip children with the 
attitudes, values, knowledge and skills necessary to rethink and change current patterns 
of action and to secure healthy, just DQG VXVWDLQDEOH IXWXUHV IRU DOO¶ Environmental 
education is vitally important for this. Yet for children in the early childhood years, 
those with the biggest stake in the future, there has been a major absence from current 
theory, policy and practice of approaches that stress environmental perspectives. 
In particular, few Australian studies to date have investigated kLQGHUJDUWHQ VWXGHQWV¶
knowledge about environmental systems and environmental issues. As such, little is 
known about what young children know or believe about the environment. This has left 
WKHRUHWLFDODQGHPSLULFDOµJDSV¶LQHQYLURQPHQWDOHGXFDWLRQUHVHDUFKWKDWUHTXLUHIXUWKHU
investigation. It is believed that more effective educational programs could be 
GHYHORSHGLIFKLOGUHQ¶VSUH-existing knowledge about the environment was known. This 
is supported by constructivist theory (discussed further in Chapter 2), which proposes 
that students are active learners who construct knowledge through experiences and the 
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SURFHVVLQJ RI WKHVH H[SHULHQFHV %\ HVWDEOLVKLQJ D EDVHOLQH RI VWXGHQWV¶ H[LVWLQJ
knowledge, educators will be better able to meet and fulfill VWXGHQWV¶QHHGV 
It needs to be noted that some authors do not agree with exposing children to 
environmental education and associated ecological concepts from such a young age. 
Holt (1989, p.149) DUJXHV WKDW µ\oung children are not ready for the full-blown 
environmental concepts of conservation and balances in ecosystems. A teacher who 
FRQVXPHV WLPH DQG UHVRXUFHV WU\LQJ WR WHDFK FKLOGUHQ VRPHWKLQJ WKH\ DUHQ¶W UHDG\ WR
learn is in violation RI JRRG FRQVHUYDWLRQ SUDFWLFH¶ As well as being an outdated 
opinion, tKHUHVHDUFKHU¶V own experiences and observations when working with children 
in environmental education programs do not agree with this attitude and a goal of this 
study is to challenge such a statement. 
1.2 Research questions 
The study aims to answer the following research questions: 
1) What level of ecoliteracy is demonstrated by kindergarten children? 
2) How does a teaching intervention affect kLQGHUJDUWHQFKLOGUHQ¶VHFROLWHUDF\? 
3) What factors promote enhanced ecoliteracy in young children? 
1.3 Significance  
Studies indicate that children hold ideas about natural phenomena that may inform 
teaching practice (Driver et al. 1994). Therefore, if science teaching is to promote 
FKLOGUHQ¶VVFLHQWLILFOHDUQLQJLWLVHVVHQWLDOWRGHWHUPLQHZKDWFKLOGUHQWKLQN2VERUQH	
Freyberg 1985). The significance of this study lies in the contribution it makes to the 
ERG\ RI NQRZOHGJH DERXW \RXQJ FKLOGUHQ¶V LGHDV LQ Vcience, providing insight into 
kLQGHUJDUWHQ FKLOGUHQ¶V LGHDV DERXW ecological processes. The study also provides a 
framework for working with young children, which links together research from the 
fields of child psychology and child development with learning theories and science 
education practice. The results of the study may assist in developing science education 
programs and interventions in the early years of formal schooling that are based on 
FKLOGUHQ¶VGHYHOoping understandings (Driver et al. 1994). Finally, this study presents a 
research tool (a teaching intervention) that could be used for future studies on young 
children. Due to the challenges of studying young children, the developed instrument 
 18 
 
 
could assist in expanding science education research and provide more reliable data on 
WKLVLPSRUWDQWVWDJHRID\RXQJSHUVRQ¶VOLIH 
1.4 Thesis overview 
The thesis is comprised of seven chapters. This chapter outlined the research area, sets 
the study in context, justifies the importance of solving the problems and explains the 
significance of the study. Chapter 2 is a review of the literature dealing with science 
learning and teaching in the primary context, a discussion of ecoliteracy, and relevant 
UHVHDUFK RQ FKLOGUHQ¶V XQGHUVWDQGLQJ RI HFRORJLFDO FRQFHSWV ,W DOVR SUHVHQWV WKH
theoretical background that has been applied in developing the study. Chapter 3 is an 
explanation of the methodology and research design, while Chapter 4 provides details of 
the teaching intervention used in this study. Chapter 5 delivers the findings of the study, 
and Chapter 6 is an analysis of the data obtained through answering the research 
questions. Finally, Chapter 7 presents the major findings of the study and implications 
IRU WHDFKHUV ,GHQWLILHG DUHDV IRU IXUWKHU LQYHVWLJDWLRQ UHODWHG WR \RXQJ FKLOGUHQ¶V
understanding of ecological concepts are given.  
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 /LWHUDWXUHUHYLHZ 
Science is the most important subject in primary school. Our lives are dictated by science. 
Everything around us has some connection to science. 
Michael van der Ploeg, 3ULPH0LQLVWHU¶V3UL]HIRU([FHOOHQFHLQ6FLHQFH
Teaching in Primary Schools winner 
This chapter begins with an overview of science learning and its status in Australia and 
New South Wales. The issues of teaching science in the primary classroom are 
explored, including the present problems and proposed solutions. The importance of 
learning science in the early years is examined, including the specialised area of 
ecoliteracy. A review of recent and relevant literature related to the research questions 
GLVFXVVLQJFKLOGUHQ¶VXQGHUVWDQGLQJRIHFRORJLFDOFRQFHSWVLVSURYLGHG7KHWKHRUHWLFDO
perspectives underpinning the study are considered, setting the study in the context of 
current theories of learning in science. 
 2.1 Science learning 
Learning science is essential for ensuring an informed citizenship. Education is also 
widely considered the key to promoting sustainable behaviours, with an understanding 
of ecology in particular being necessary for both human and environmental wellbeing 
(Pilgrim, Smith & Pretty 2007).  
2.1.1 Science learning and teaching in Australia 
Science is a compulsory subject taught in Australia from kindergarten to Year 10. 
Despite science being recognised as a priority area of learning at a National and State 
level (Department of Education, Science and Training [DEST] 2003; Kenny 2009), 
many schools are poorly equipped for teaching science, have an inadequate budget for 
science and do not have a science coordinator (Hackling & Prain 2005). Science as a 
learning area receives the second lowest amount of time in the primary school 
curriculum, averaging 2.7% of teaching time (Angus, Olney & Ainley 2004). Martin, 
0XOOLV	)R\¶V  international investigation of time spent on science teaching in 
Year 4 found that while the international average (of 37 countries) around the world was 
24 hours of classroom instruction per week, with 8% of that time used for science, 
Australia averages 25 hours of teaching per week, with only 5% allocated to science. 
Unlike in the USA and UK, there has been only one national empirical study conducted 
in Australia on the status of teaching and learning of science in primary schools. The 
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study, commissioned by the Australian GRYHUQPHQW¶V 'HSDUWPHQW RI (GXFDWLRQ
Training and Youth Affairs, compared an ideal picture of effective science education to 
what was the actual picture in many Australian science classrooms. The study resulted 
in a report titled The Status and Quality of Teaching and Learning of Science in 
Australian Schools (Goodrum, Hackling & Rennie 2001). Empirical data were collected 
from 290 primary school teachers by telephone interview and 1150 primary school 
students by questionnaire with further evidence collected from focus groups. The report 
concluded that science teaching and learning in Australian primary schools was, on 
averaJH µGLVDSSRLQWLQJ¶ *oodrum, Hackling & Rennie SYLLLZLWK WKH µDFWXDO¶
FXUULFXOXP WDXJKW LQPRVW VFKRROVEHLQJYDVWO\ GLIIHUHQW WR WKH µLQWHQGHG¶ FXUULFXOXP
Where science was included in school lessons, it was student-centred and activity-
based, but in many primary schools it was not taught at all. The report identifies a 
number of limiting factors to the teaching of science in primary schools: teacher 
confidence, teacher knowledge and understanding of subject matter, teacher knowledge 
and experience with pedagogy for effective science teaching, time allocated to science 
lessons, material and curriculum resources, and opportunities for ongoing professional 
development.  
2.1.2 Status of primary science in New South Wales  
In England and Wales, the significance of science is highlighted by its position 
alongside literacy and numeracy as an essential component of the primary curriculum 
(Millar & Osborne 1998). This, unfortunately, cannot be said for the curriculum in New 
South Wales. While many efforts have been made to incorporate science in new ways, it 
still sits apart from the priority subject areas, literacy and numeracy. Taken directly 
from the New South Wales Science and Technology Syllabus (Board of Studies [BOS] 
1993, no page number), the following statement highlights the status of science in 
NSW:  
While the primary curriculum is divided into six Key Learning Areas, this is not to be interpreted 
as indicating that each Key Learning Area should have an equal time allocation. In line with 
NSW Government policy, the Board of Studies encourages schools to give greatest emphasis to 
English and Mathematics, and to adopt a responsible and reasonable approach which will 
provide each child with substantial access to each Key Learning Area in each Year. 
 
To illustrate this point, consider Table 2. The New South Wales Board of Studies sets 
out recommendations to teachers regarding the amount of time spent teaching each Key 
Learning Area (KLA) of the syllabus (BOS 1993). In a 25-hour teaching week, 10% of 
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time equates to approximately 2.5 hours. Therefore, the recommended time spent on 
English is 6.75-8.75 hours per teaching week, while Science and Technology is 
allocated a suggested 1.5-2.5 teaching hours. Despite such recommendations, Science 
and Technology lessons rarely exceed one hour per week.  
Table 2. Recommended proportion of teaching time spent on each Key Learning Area in the 
NSW primary syllabus 
Key Learning Area (KLA) Proportion of Time (%) Amount of Time (hrs) 
English 25-35 6.75-8.75 
Mathematics 20 5 
Science and Technology 6-10 1.5-2.5 
Personal Development Health & Physical 
Education (PDHPE) 
6-10 1.5-2.5 
Human Society & Its Environment (HSIE) 6-10 1.5-2.5 
Art 6-10 1.5-2.5 
Other Up to 20 Up to 5 
The status of science as a valued and essential part of the primary school curriculum in 
New South Wales needs to be raised amongst teachers to ensure young students have 
access to high quality teaching learning in this subject area. 
2.2 Teaching science in the primary classroom  
Consideration of the purpose of science education is important to this thesis, as it is 
central to decisions about the way science is taught in primary schools. Science 
curricula across the world have transformed in the past four decades, with the emphasis 
on discovery learning in the 1970s and 1980s, to a focus on standards for subject 
knowledge and skills development in the 1990s (Skamp 2012, p.3). More recently, a 
sophisticated approach to science education has been adopted which recognises the 
µFRPSOH[ UHODWLRQVKLS EHWZHHQ VFLHQFH VFLHQWLVWV DQG WKH SXEOLF¶V XQGHUVWDQGLQJ RI
VFLHQFHDQGLWVDSSOLFDWLRQVDQGLPSOLFDWLRQVERWKORFDOO\DQGJOREDOO\¶6NDPS
p.55). Harlen and Qualter (2009, p. 35) summarise the current view of science education 
DV µEHLQJFRPIRUWDEOH DQGFRPSHWHnt with broad scientific ideas, with the nature and 
limitations of science and with the processes of science and having to use these ideas in 
PDNLQJGHFLVLRQVDVDQLQIRUPHGDQGFRQFHUQHGFLWL]HQ¶7KLVVKLIWWRZDUGVGHYHORSLQJ
\RXQJSHRSOH¶VXQGHUVWDQGLQJ of the impact of science on their everyday lives and their 
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responsibility as global citizens, is an important one and has a significant effect on 
teaching and learning in primary science (Skamp 2012, p. 55).  
Debate about the role of school science education hinges on the question of whether the 
aim is to prepare students for tertiary science studies and careers in science, or raise the 
scientific literacy of the community as a whole (Tytler 2007). The Australian School 
Science Education National Action Plan 2008-2012 (Goodrum & Rennie 2007) 
identified the central purpose of school science education as encouraging scientific 
literacy. Further, the Action Plan states that science not only prepares students to 
become informed citizens, but also provides a firm foundation for specialised subjects 
in secondary school that may lead to science courses at university. The developers of 
$XVWUDOLD¶VQDWLRQDOVFLHQFHFXUULFXOXPLGHQWLI\ WKUHHSRVVLEOHSDWKZD\VVWXGHQWVQHHG
to be prepared for: to make informed personal decisions by exercising a scientific view 
of the world; to become research scientists and engineers; and to become analysts and 
entrepreneurs in the diverse fields of business, technology and economics (National 
Curriculum Board 2009).  
2.2.1 The problems 
7KH SULPDU\ \HDUV DUH FUXFLDO LQ GHYHORSLQJ VWXGHQWV¶ ORQJ-term interest in science 
(Harlen & Qualter 2009) and setting in place the thinking processes appropriate to the 
practice of science. It is seen as important for primary teachers to not only establish the 
knowledge foundations for continued studies in science, but also to stimulate in students 
a passion and understanding for the significance of these subjects in modern society 
(DEST 2003). Research has suggested that poor science instruction at the primary level 
contributes to the generally negative attitudes of students at the secondary level and 
beyond (Mullins & Jenkins 1988). The situation in Australian primary schools in the 
late 1980s was so dire that after a review of teacher education in mathematics and 
science, Speedy, Annice and Fensham (1989) considered recommending that science 
not be taught at the primary school level because it was so often taught badly. 
The problem revolves around the fact that primary teachers are generalists and not 
science specialists and, as in many other countries, lack a firm background of science in 
their own education so that they consequently lack confidence in teaching science 
(Appleton 1995; Harlen & Qualter 2009; Palmer 2001; Yates & Goodrum 1990). The 
limited science discipline and science curriculum studies in many Australian teacher 
education courses (Australian Science Technology and Engineering Council [ASTEC] 
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1997; Lawrance & Palmer 2003) give student teachers little opportunity to develop the 
pedagogical content knowledge (Gess-1HZVRPH  UHTXLUHG WR EH FRQ¿GHQW DQG
effective teachers of science (Hackling, Peers & Prain 2007). Supporting empirical 
HYLGHQFH LVJLYHQ LQ+DFNOLQJ¶V UHSRUWRI WHDFKHUSDUWLFLSDQWV Q  LQ WKH3ULPDU\
Connections professional development program, where almost half of the teachers 
interviewed had no science discipline studies beyond Year 12 (Hackling & Prain 2005, 
p.41). 
Besides a lack of confidence, other factors that are seen as limiting primary teacheUV¶
ability to teach science effectively are an incomplete understanding of science concepts 
(Harlen 1997; Harlen & Holroyd 1997; Kruger & Summers 1989), lack of enthusiasm 
for delivering engaging science lessons (DEST 2003; Osborne & Simon 1996) and lack 
of clarity over the reason why they are teaching science, particularly scientific inquiry 
(Akerson & Hanuscin 2007). Primary teachers have been shown to score poorly on self-
efficacy scales that measure their beliefs about being able to teach science effectively 
(Riggs & Enochs 1990), and science teaching has been shown to be a challenge for 
many primary school teachers (BOS 1996; Goodrum, Hackling & Rennie 2001; Harlen 
& Holroyd 1997; Osborne & Simon 1996).  
2.2.2 The solutions 
Effective science education relies on teachers who are broadly and deeply 
knowledgeable and sufficiently confident in their knowledge to be able to change and 
innovate (Sandall 2003). Indeed, the focus on scientific literacy in the new Australian 
science curriculum (Australian Curriculum, Assessment and Reporting Authority 
[ACARA] n.d.) requires a teacher to be knowledgeable in science beyond an 
understanding of science subject matter to an understanding of how content, processes 
and the nature of the science are intertwined. In their review of Australian studies of 
effective science teaching practices, Hackling and Prain (2005) found the literature 
converging around six key characteristics, providing a useful outline for assessing the 
quality of classroom science learning environments (Table 3). 
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Table 3. Key characteristics of effective science teaching practices (Hackling & Prain 2005) 
1   5HOHYDQFHWRVWXGHQWV¶OLYHVDQGLQWHUHVWVLQDVDIHDQGVXSSRUWLYHOHDUQLQJHQYLURQPHQW 
2   Classroom science is linked to the broader community 
3   Students are actively engaged with inquiry, ideas and evidence 
4   Students are challenged to develop and extend meaningful conceptual understandings 
5   Assessment facilitates learning: focus on outcomes that contribute to scientific literacy 
6   Information and communication technologies (ICTs) are exploited to enrich learning of science 
The above principles of effective teaching are reciprocated by Fleer, Jane and Hardy 
7KH\DOVRHQFRXUDJHXWLOLVLQJFKLOGUHQ¶VLGHDVLQSODQQLQJDQGWHDFKing, as well 
as employing teaching contexts that are relevant to the student, whether that be through 
their home, school, or the wider world. They emphasise that encouraging children to ask 
questions should be a fundamental factor for teaching science in the primary classroom, 
as well as exposure to rich learning opportunities. Central to such a constructivist 
approach is that children construct their own meanings, and this needs to be 
incorporated into science teaching. They also support the rationale for a clear set of 
learning outcomes when planning and teaching science. While Fleer, Jane and Hardy 
(2007) do not mention the use of ICTs in science teaching, they do however add a 
couple of their own points. First, they encourage teachers to engage children with 
concrete objects and materials. They argue that the manipulation of objects provides 
stimulation and gives students control over their learning. Second, they support teaching 
an understanding of ecological processes as part of learning science in order to 
encourage children to become more sensitive to their environment. 
2.3 Learning science in the primary school 
From an early age children begin to learn everyday science concepts from their family 
and peers. Research has uncovered evidence to indicate that children acquire naïve 
foundational theories even before formal schooling, in at least three areas of scientific 
study, including biology, physics and psychology (Inagaki & Hatano 2006; Wellman & 
Gelman 1992) 0XFK RI WKH UHVHDUFK LQWR FKLOGUHQ¶V FRQFHptual understanding has 
involved physics (Engel Clough & Wood-Robinson 1985) with fewer studies exploring 
biological domains (Driver 1989). A reason cited for the neglect of biological topics 
was the popularity of investigations using Piagetian frameworks, which involve 
physical science concepts. Further, biological concepts are less hierarchical than physics 
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concepts and incorporate a dynamic component, and interactions with other concepts. 
This inherent complexity leads to difficulties in analysis of learning for research studies. 
However, children are more likely to use their knowledge to reason scientifically in 
biology because of their everyday experiences with the environment around them.   
Adding supporting evidence to young children arriving at school with existing ideas 
about science, Smolleck and Hershberger (2011) visited early childhood centres and 
LQYHVWLJDWHG\RXQJFKLOGUHQ¶VDJHG-8) conceptions and misconceptions about science 
concepts, skills and phenomena. In Pennsylvania, where this study was conducted, 
children are not required to attend school until the age of eight, therefore their 
pDUWLFLSDQWVZHUH DOO FRQVLGHUHG µHDUO\ FKLOGKRRG¶ VWXGHQWV DV WKH\ KDG QRW \HW EHJXQ
IRUPDOVFKRROLQJ'DWDZHUHFROOHFWHGIURPWKHFKLOGUHQ¶VSDUWLFLSDWLRQLQLQTXLU\-based 
science units that were developed using the Pennsylvania Standards for kindergarten 
and the (American) National Science Education Standards. They found that young 
children held conceptions about matter, magnetism, density and air, and that they 
justified their explanations using examples from their day-to-day lives (Smolleck & 
Hershberger 2011, p. 12). The children also presented many misconceptions about each 
of the science topics studied, reinforcing the importance for classroom teachers to assess 
VWXGHQWV¶ H[LVWLQJ FRQFHSWLRQV DQG PLVFRQFHSWLRQV ,I WHDFKHUV GR QRW FRQQHFW WKH
childreQ¶VOHDUQLQJH[SHULHQFHVZLWKWKHLUSULRUNQRZOHGJHWKHPLVFRQFHSWLRQVWKDWWKH
children have will never be challenged and will continue to exist.  
Despite many researchers agreeing that environmental science education should begin 
in the early years (Leeming, Dwyer & Bracken 1995; Lind 2000; McWilliams 1999; 
5LYDV 	 2ZHQV  UHVHDUFK LQWR \RXQJ FKLOGUHQ¶V XQGHUVWDQGLQJ RI VFLHQFH
especially with children under the age of six, is limited in scope and volume (Fleer & 
Hardy 1993; Zembylas 2008). One major reason for the lack of research relates to the 
characteristics of the early childhood population, since young children have limited 
language expression, and only partially developed reading and writing skills. 
Methodological design is also considered more difficult when working with children, as 
their answers to interview questions are seen as less reliable than those of older students 
(Fleer & Hardy 1993; Fritzley & Lee 2003). Nevertheless, there is a clear need for the 
development of age-appropriate research tools so that more effective research can be 
FRQGXFWHGRQFKLOGUHQ¶VXQGHUVWDQGLQJRIVFLHQFHLQWKHHDUO\\HDUV 
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<RXQJFKLOGUHQ¶VVFLHnce learning 
Tytler (2007, p.285) identified eight important elements to support student learning and 
engagement in science (Table 4). There is a strong emphasis on student engagement, 
OLQNLQJ OHDUQLQJ ZLWK VWXGHQWV¶ LQWHUHVWV DQG UHOHYDQW H[SHULHQFHV DQG providing 
challenging, rich learning experiences. 
Table 4. Key characteristics of effective science learning practices (Tytler 2007) 
1   Students are actively encouraged to engage with ideas and evidence 
2   Students are challenged to develop meaningful understandings  
3   6FLHQFHLVOLQNHGZLWKVWXGHQWV¶OLYHVand interests 
4   6WXGHQWV¶LQGLYLGXDOOHDUQLQJQHHGVDQGSUHIHUHQFHVDUHFDWHUHGIRU 
5   Assessment is embedded within the scientific learning strategy  
6   The nature of science is represented in its different aspects 
7   The classroom is linked with the broader community 
8   Learning technologies are exploited for their learning potential 
Learning is a personal journey, and while a number of individuals may reach the same 
level of conceptual understanding, the process by which they arrive at this point varies. 
Tytler and Prain (2009, p.21) FODLP µVWXGHQWV EHQHILW IURP PXOWLSOH RSSRUWXQLWLHV WR
explore, engage, elaborate and re-represent ongoing understandings in the same and 
differeQW UHSUHVHQWDWLRQV¶. These representations in science may include verbal, visual, 
mathematical and kinaesthetic modes of learning. Further, activities that are effective 
for teaching science are hands-on, interesting to children, readily accessible, 
manageable, have clear outcomes, can be integrated with other areas of the curriculum, 
and provide evidence that children are learning science (Appleton 2002).  
2.4 Ecoliteracy 
7RGD\¶V FKLOGUHQKDYH LQKHULWHGHQYLURQPHQWDO LVVXHV DQGFKDOOHQJHV WKDWZLOO UHTXLUH 
major changes in conceptual understanding, ways of thinking, and everyday behaviours 
in relation to the global ecological systems with which they interact (Goleman, Bennett 
& Barlow 2012, p. 113). It should be noted that while there are many related terms used 
to describe the teaching and learning about the environment, including: environmental 
education (EE); education for sustainability (EfS); science education; science literacy; 
DQGHFRORJLFDOOLWHUDF\WKLVWKHVLVH[FOXVLYHO\XVHVWKHWHUPµHFROLWHUDF\¶ 
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2.4.1  Ecoliteracy defined 
Ecoliteracy is not an easy term to define, and indeed no single definition exists (Jordan 
et al. 2008), despite recent discussions between ecologists and science education 
researchers (Balgopal & Wallace 2009). While there is no one universally accepted 
definition, many academics have offered an assortment of interpretations of ecoliteracy. 
Capra (1999) defines ecoliteracy as the understanding of the principles of organization 
that ecosystems have developed to sustain the web of life and the use of these principles 
of ecology to live in a sustainable manner. He further states that an ecoliterate person 
thinks in terms of relationships, connectedness and context (Capra 2005). Orr (1992, 
SUHJDUGVHFROLWHUDF\DV µKRZSHRSOHDQGVRFLHWLHVUHODWHWRHDFKRWKHUDQGQDWXUDO
V\VWHPV LQ D VXVWDLQDEOH PDQQHU¶ +H JRHV RQ WR GHILQH WKH HFROLWHUDWH SHUVRQ DV
VRPHRQHZLWKµWKHNQRZOHGJHQHFHVVDU\WRFRPSUHKHQGLQWHUUHODWHGQHVV and an attitude 
RIFDUHRUVWHZDUGVKLS¶DQGDGGLWLRQDOO\ZLWKµWKHSUDFWLFDOFRPSHWHQFHUHTXLUHGWRDFW
on the basis of knowledge and feeling (Orr 1992, p. 92). He also connects this to having 
an understanding of the extent of the environmental crisis; for example, the rates and 
trends of population growth, species extinction, deforestation, desertification, climate 
change, resource exhaustion, air and water pollution and resource and energy use. 
Berkowitz, Ford and Brewer (2005) consider ecoliteracy to consist of three components, 
namely knowledge of ecological systems, being able to think in an ecological way and 
understanding the relationships between people and their environment. Pilgrim, Smith 
and Pretty (2007, p.1742) GHILQHHFROLWHUDF\DVEHLQJµDFXmulative knowledge base that 
describes local ecosystem components and their interactions most commonly derived 
IURPDSRRORIDFFXPXODWHGREVHUYDWLRQV¶>WKDWFDQSURYLGH@µVROXWLRQVWRORFDOQDWLRQDO
and global environmental challenges by providing information on the use of locally 
DYDLODEOHUHVRXUFHV¶. Natoli and van Moorst (2004, p.3) interpret ecoliteracy as being a 
µVRXQG XQGHUVWDQGLQJ RI WKH V\VWHPLF LQWHUUHODWLRQVKLSV EHWZHHQ WKH HOHPHQWV RI WKH
natural environment and the OLIHVW\OHVRIKXPDQEHLQJV¶. Martin (2008, p. 35) describes 
HFROLWHUDF\ DV WKH µIXQGDPHQWDO LQWHUFRQQHFWHGQHVV EHWZHHQ KXPDQLW\ DQG QDWXUH¶. 
According to Peacock (2004, p.4) HFROLWHUDF\ LV µXQGHUVWDQGLQJ WKH ZD\ WKLQJV DUH
organised to sustDLQ WKHZHERI OLIH¶ and concerns understanding the consequences of 
our actions and inactions. He concludes that being ecoliterate means understanding how 
ecosystems are organised and using these principles to develop ways of doing things 
that are viable or sustainable when we interact with our environment. Edwards and 
Cutter-Mackenzie (2006, p. 172) FODLP DQHFROLWHUDWHSHUVRQ LV RQHZKR µXQGHUVWDQGV
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WKHG\QDPLFVRIWKHHQYLURQPHQWDOFULVLV«DQGKRZSHRSOHDQGVRFLHWLHVKDYHEHFRPH
VR GHVWUXFWLYH¶. Jordan et al. (2008, p.498) assert that ecoliterDF\ µDOORZV SHRSOH WR
understand connections between themselves and ecological processes, and can help 
them to make informed decisions about envirRQPHQWDOLVVXHV¶ Most recently, Goleman, 
Bennet and Barlow (2012, p. 12) describe ecoliterate people as those ZKR µFXOWLYDWH
compassion toward other forms of life. This ability to feel empathy often stems from a 
deep understanding that humans are part of a broader community that includes all living 
beings¶.  
While a certain level of diversity exists in the various definitions, there are assumptions 
that are common to all. These include that an ecoliterate person has: the ability to think, 
function and reason in a scientific way, especially in regards to ecological issues; an 
appreciation and understanding of the connectedness in an ecological world; and an 
awareness of the effects of the interactions between humans and the environment 
(Jordan et al. 2008). The most widely accepted definition of ecoliteracy is that it 
encompasses an awareness and concern about the environment, as well as the 
knowledge and understanding, skills, and motivations to work towards solutions of 
current problems and the prevention of new ones (Dixon et al. 2005, p. 122; North 
American Association for Environmental Education [NAAEE] 2004). 
Despite these commonalities, Jordan et al. (2008, p. 496) EHOLHYH WKDW µWKHUH LV DW
present, no complete and broadly applicable framework to guide both the formal and the 
informal educators whom we expect to be our primary promotHUV RI HFROLWHUDF\¶. 
FurtheU µZH KDYH QRPDWHULDOV WKDW SURYLGH DQ RXWOLQH RI FRUH FRQFHSWV RI KDELWV RI
PLQGRUWKDWFDQEHXVHGDVDUXEULFIRUDVVHVVPHQWRIHFROLWHUDF\¶-RUGDQHWDO
p. 496). TKH DXWKRUV VWUHVV WKDW µZH GR KRZHYHU KDYH D FRQVLGHUDEOH SRRO RI YHU\
knowledgeable professionals, who can provide these details and then integrate them 
with the work on ecological identity, human agency and values, to round out a complete 
IUDPHZRUN¶-RUGDQHWDOS This thesis seeks to solve part of the problem at 
the grass roots level by applying and testing an ecoliteracy scale that could be used by 
teachers to measure and monitor changes in young cKLOGUHQ¶VOHYHOVRIHFROLWHUDF\  
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For the purposes of this thesis, an ecoliterate person is defined as someone who 
possesses a knowledge and understanding of: 
1) the interactions, relationships and processes within an ecosystem; 
2) how people affect and interact with these networks; and 
3) the values and attitudes required to act sustainably. 
The extent to which young children exhibit such knowledge and understanding in 
relation to ecological ideas and processes is so far unknown. 
2.4.2 Ecoliteracy in young children 
7KH ILUVW ILYH \HDUV RI OLIH FDUU\ HQRUPRXV VLJQLILFDQFH LQ D FKLOG¶V FRJQitive and 
emotional development and, during this time, the child forms the foundation for future 
and more abstract learning. Young children use the information they gather to construct 
categories, concepts and theories (French 2004; Gelman 1999). High quality and 
positive experiences with science during the early years may lead to long-lasting effects 
RQFKLOGUHQ¶VIXWXUHYLHZVRIVFLHQFHDQGIRUPDIRXQGDWLRQIRUIXWXUHVFLHQFHOHDUQLQJ
DQG WKLQNLQJ0DQ\UHVHDUFKHUVEHOLHYH WKDWHFROLWHUDF\VKRXOGEHDSDUWRIDSHUVRQ¶V
µOLIHWLPHOHDUning experience, beginning in the primary grades and continuing through 
LQIRUPDODGXOWOHDUQLQJH[SHULHQFHV¶-RUGDQHWDOS and others also take a 
similar stance (see Catherwood 1999; Goleman, Bennett & Barlow 2012; Pilgrim, 
Smith & Pretty 2007). A lack of values and concern for the environment in the 
developed adult is considered to contribute to the difficulty in implementing ecoliterate 
behaviours into society.  While some may be sceptical of the ability of a young child to 
grasp such complex concepts, others disagree. When provided with practical 
experience, professional assistance and support, even young children can recommend 
realistic and sensible ideas for local environmental management (Dixon et al. 2005). 
Research shows that investment in early childhood science education is valuable as it is 
easier to prevent gaps from widening during the critical period of early childhood than 
to intervene to close the gaps at an older age. Hence, it is considered important to target 
young children with ecoliteracy knowledge through experience and understanding of 
their natural world (Capra 1999). By focussing ecoliteracy education at an age when 
important environmental attitudes are formed, it is possible to create in individuals an 
attitude of care or stewardship (Orr 1992). Despite such claims research involving 
kindergarten children at the start of their formal school is lacking.  
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2.5 Research RQFKLOGUHQ¶VLGHDVDERXWHFRORJ\ 
5HVHDUFK VWXGLHV SHUWDLQLQJ WR FKLOGUHQ¶V FRQFHSWXDO XQGHUVWDQGLQJ PD\ Kave 
implications for planning and sequencing science curricula (Driver et al. 1994). If 
conceptual understanding is a goal for science teachers, then planning instructional 
courses using research-EDVHG NQRZOHGJH RI FKLOGUHQ¶V FRQFHSWXDO GHYHORSPHQW PD\
prove beneficial. :KLOHWKHUHLVDIDLUDPRXQWRIOLWHUDWXUHSXEOLVKHGRQFKLOGUHQ¶VLGHDV
about ecology, Davis (2009) points out that there is still a dearth in research in early 
childhood education (five years and younger) in environmental education. The 
foOORZLQJ ILYH HFRORJLFDO FRQFHSWV ZHUH FKRVHQ WR LQYHVWLJDWH \RXQJ FKLOGUHQ¶V
ecoliteracy (see Section 4.2.1 for more information).  
2.5.1 Habitat 
A study involving 30 children (aged 9-11 years) from England investigated their ideas 
about tropical rainforests (Bowker 2007). The children were required to draw their idea 
of a tropical rainforest before and after an excursion to a conservatory. The pre-visit 
drawings depicted habitat familiar to an English countryside, usually consisting of a 
single outline of a tree, with rainforest animals placed at a focal point. After visiting the 
FRQVHUYDWRU\ FKLOGUHQ¶V GUDZLQJV LQFUHDVHG LQ detail, depth, scale and perspective, 
suggesting the children became familiar with details of rainforest plants and the habitat 
as a whole. Further, the presence of animals largely disappeared, making the habitat the 
central focus of the drawing. Despite the excursion being only two hours long, the 
DXWKRUDGYRFDWHG WKDWFKLOGUHQFDQ µDVVLPLODWHDJUHDWDPRXQWRI LQIRUPDWLRQGXULQJD
well-focussed, enjoyable, and immersive workshop, delivered by education officers who 
DUHFRPPLWWHGHQWKXVLDVWLFDQGNQRZOHGJHDEOH¶%RZNHUS 
2.5.2 Food chains 
5HVHDUFK LQWR FKLOGUHQ¶V XQGHUVWDQGLQJ RI IRRG FKDLQV DQG IRRG ZHEV LV IDLUO\
comprehensive. Alexander (1982) reported that the principles of ecosystems are more 
effectively taught through the analysis of food web relationships. Nevertheless, a 
number of studies have concluded that young students have some difficulty 
understanding the concepts of food chains and food webs (Gallegos, Jerezano & Flores 
1994; Leach et al. 1995, 1996a, 1996b). In Mexico, 9 and 10 year-old children were 
tested on their understanding of predator-prey relationships (Gallegos, Jerezano & 
Flores 1994). The research sample consisted of 506 children in grades 4 through 6. A 
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three-task instrument was applied, whereby students were required to classify 
herbivorous and carnivorous animals, identify different predator-prey relationships, and 
construct three food chains. While the children scored highly on the first task, 
VXEVHTXHQWLQWHUYLHZVUHYHDOHGFKLOGUHQ¶VDQVZHUVZHUHLQIOXHQFHGE\WKHDQLPDO¶VVL]H
and behaviour. That is, they thought that carnivores were large and aggressive, and 
herbivores were small and passive. These preconceptions steered their thoughts when 
considering predator-prey relations whereby they always chose the larger animal as 
being the predator, despite this not always being the case e.g. eagle and deer. This in 
turn led to the construction of their food chains on the basis of predator-prey pairs. The 
researchers recommended that food chains be taught at a younger age and in a more 
interactive way, to avoid difficulties that students have at higher education with food 
webs and their relation to ecosystems. 
/HDFK HW DO  D E FRQGXFWHG WKUHH UHODWHG VWXGLHV LQWR FKLOGUHQ¶V
understanding of ecology relating to the cycling of plant matter and interdependency of 
organisms. Each of the studies involved the conceptual progression of understanding of 
approximately 200 children, aged 5-16. Data were collected through a series of written 
WDVNVDQGLQGLYLGXDOLQWHUYLHZV$QDQDO\VLVRIWKHUHVXOWVVKRZHGDUDQJHRIFKLOGUHQ¶V
ideas across ages. Results of the study indicated that many students, especially between 
the ages of five and 11, thought in linear relationships between one predator and one 
prey organism, as in a food chain, rather than between populations, as in a food web. 
A study involving 120 children (kindergarten to fifth grade), sought to determine their 
ideas about insects, including their feeding habits (Shepardson 2002). Students 
participated in three tasks: draw and explain, semi-structured interviews, and 
formulation of a definition of what an insect is. The findings revealed that children 
thought about food relationships in a one-directional sense. That is, they were able to 
explain what an insect eats, but not what eats the insect.  
6WURPPHQ  IRXQG VLPLODU UHVXOWV LQ KLV UHYLHZ RI FKLOGUHQ¶V FRQFHSWXDO
understanding of forests and their inhabitants using a constructivist theoretical 
perspective. Forty-one first grade children were asked to draw a picture of a forest and 
ZHUH WKHQ LQWHUYLHZHG DERXW WKHLU GUDZLQJ¶V FRQWHQW DVNHG JHQHUDO TXHVWLRQV DERXW
forests, and participated in a picture sorting activity where they assigned pictures of 
animals into three piles: animals that live in a forest; animals that do not live in a forest; 
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and unsure. Little indication of understanding of the concept of food chains or food 
webs was evident, with animals generally assigned a single prey or predator.  
2.5.3 Biodiversity 
6WURPPHQ¶V VWXG\H[SRVHGFKLOGUHQ¶VLGHDVDERXWELRGLYHUVLW\7KH\IRXQGWKDW
children tended to draw multiples of a single type of animal, rather than different 
species, and concluded that the drawings were much less rich in content than the 
information provided by the interviews. Not only were the amount and types of living 
things depicted in the drawings far fewer than those obtained from interview questions, 
but the children regularly discussed relationships between animals and their habitats, 
which was not evident in their drawings. Further, while children were able to accurately 
identify animals that live in a forest environment, they tended to link other animal 
groups to the forest as well, including sharks, whales and ducks. Plant life and insects 
were largely ignored. These findings inform the current study methodology through the 
combination of drawings and interviews. 
Another study UHSRUWV RQ WKH LQIOXHQFH RI D 6ZLVV HGXFDWLRQDO SURJUDP RQ FKLOGUHQ¶V
perception of biodiversity (Lindemann-Matthies 2002). Some 4000 participants (8-16 
years old) benefitted from teachers being supported to use their local environment for 
the identification and study of plants and animals. A significant increase was noted in 
the number and diversity of species children noticed on the way to school, which 
correlated with increased appreciation of wild plants and animals. This research was 
constrained by the variation in time spent and approaches used by teachers across 
classes making it difficult to attribute gains to specific activities. A key message for the 
FXUUHQWVWXG\LVWKHLPSRUWDQFHRIFKLOGUHQ¶VIDPLOLDULW\ZLWKDQLPDOVLQQDWXUDOVHWWLQJV
which can impact on their conceptual learning and building of positive attitudes (Tytler, 
Haslam & Peterson 2012, p. 250).  
2.5.4 Animal behaviour 
Animals behave in ways that maximise their survival (Tytler, Haslam & Peterson 2012, 
p. 296). Some researchers assert that learning about animal behaviour with young 
FKLOGUHQ VKRXOG IRFXV RQ WKH EHKDYLRXU¶V SXUSRVH DQG GLVSODFH FKLOGUHQ¶s 
anthropomorphic assumptions. Anthropomorphism refers to the allocation of human 
characteristics to animals, inanimate objects, or natural phenomena (Kwan & Fiske 
2008). However, Tam, Lee & Chao (2013) disagree and claim that anthropomorphism 
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actually incUHDVHVDFKLOG¶VFRQQHFWHGQHVV WRQDWXUH WKXVHQKDQFLQg their conservation 
behaviours. They studied undergraduate students to determine how anthropomorphism 
affects SHRSOH¶V FRQQHFWHGQHVV WR QDWXUH DQG their conservation behaviours. Students 
participated in three tasks, namely: designing a poster to promote environmental 
awareness, reading an environmental article (linguistic analysis), and interpreting 
environmental posters (visual analysis). The researchers found that when 
anthropomorphism was involved, either by the students including it in their own poster 
design, or responding to it in the reading of the articles and posters, a stronger 
connectedness to nature was reported. This is turn led to a higher instance of 
conservation behaviour.  
2.5.5 Environmental issues 
Researchers from Australia followed the development of knowledge and attitudes of 21 
children (4 and 5 year olds) before and after participating in a field excursion (Gambino, 
Davis & Rowntree 2009). The children were engaged in experiential learning through 
drama, story telling and play, and exposed to hands-on, explorative activities about the 
endangered native Australian animal, the Greater Bilby (Macrotis lagotis). Children 
were interviewed in groups before and after the field experience, focussing on questions 
that determined their general understanding of animals and forests, as well as their 
environmental attitudes toward endangered species. Parents and teachers were also 
interviewed. Prior to the intervention, children possessed little knowledge of native 
animals, and only three children knew what a Bilby was. No children displayed 
evidence of taking actions to help endangered animals, or an awareness of any strategies 
to do so. Interviews conducted after the field excursion revealed that all children were 
aware of bilbies and threats to them. Common threats cited by the children include 
predation by foxes, dingoes and feral cats, and loss of habitat. Further, when the 
children were re-interviewed four months after the intervention, they displayed 
knowledge transfer by discussing the endangered status of the Northern Hairy-Nosed 
Wombat (Lasiorhinus krefftii) and comparing its situation to that of the Bilby.  
Barazza H[SORUHG\RXQJFKLOGUHQ¶VHQYLURQPHQWDOSHUFHSWLRQVIURPWKHDJHVRI
seven to nine. The study took place in both England and Mexico and focussed on 
cultural attitudes and their influence on environmental issues. Children were asked to 
make drawings of what the earth would look like from outer space, now and in the 
future. Analysis of the drawings indicated that 37% of children showed deep 
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environmental concern and 54% of children were pessimistic of the state of the earth in 
50 years time, showing how deeply the environmental crisis is impacting on young 
children. The author recommended that children be provided with sufficient information 
and opportunities to understand and comprehend environmental issues, so that children 
are empowered to act, rather than feel hopeless and afraid.  
6LPLODUO\ LQ DQ$XVWUDOLDQ VWXG\)OHHU  H[DPLQHGFKLOGUHQ¶V ILYH WR \HDUV
ideas of the future of the environment. Children were asked to either draw or write their 
thoughts of what the environment would look like when they would be grandparents. 
7KHDXWKRU¶VZRUNVXJJHVWVWKDWDPDMRULW\RIWKHFKLOGUHQKHOGDQHJDWLYHYLHZRIWKH
future, perceiving it to be abundant with environmental problems. 
King (1995) used a similar technique of drawings and interviews to explore five to 15 
\HDUROGV¶FRQFHUQVDERXWWKHHQYLURQPHQW6KHDVNHGFKLOGUHQWRGUDZDSLFWXUHDERXW
ZKDW LWPHDQV WR WKHPZKHQVRPHRQHVD\V µ<RXKDYH WR VDYH WKHSODQHW¶6KH IRXQG
that 87% of the children were very much aware of the environmental crisis, with nearly 
half (47%) depicting themselves or others taking personal action for positive 
environmental change. The reliability of findings was jeopardised by the use of leading 
questions during the interviews, guiding the children towards discussing environmental 
issues and thus introducing bias. 
2.6 Theoretical perspectives 
To understand how children learn science, theories of cognition, developmentally 
appropriate practice and learning context must be considered. The current study is based 
on the general theoretical perspective of constructivism, aspects of the Reggio Emilia 
approach and elements from an early childhood science model. 
2.6.1 Constructivism  
&RQVWUXFWLYLVPIRUPVWKHEURDGWKHRUHWLFDOOHQVZLWKZKLFKWRH[DPLQH\RXQJFKLOGUHQ¶V
learning and understanding of ecological concepts. The theoretical stance adopted here 
is the belief that students are not passive vessels for receiving knowledge but active 
makers of meaning. Constructivist theory views children as able thinkers who build 
knowledge internally through mental activity from personal interactive experiences with 
the world to learn how it works (Brooks & Brooks 1999; Campbell & Jobling 2012; 
Driver et al. 1994; Harlan & Rivkin 2000). Constructivism emerged from ideas about 
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active experience in learning by John Dewey and Maria Montessori which built on Jean 
3LDJHW¶VZRUNRQFKLOGUHQ¶VWKRXJht development (Harlan & Rivkin 2000).  
Piaget (1896-1980) believed that children progressed through developmental stages, 
with each being characterised by different ways of organising information. Children 
were thought to pass through each stage in the same order, but not necessarily at the 
same age. /DWHU UHVHDUFK FKDOOHQJHG 3LDJHW¶V LQFUHPHQWDO YLHZ RI OHDUQLQJ DV XQGHU-
estimating the learning potential of young children in science (Metz 1995, 1997). 
&DXWLRQLQJDJDLQVWXVLQJ3LDJHW¶VGHYHORSPHQWDOWKHRU\WRROLWHUDOO\LQGHVLJQLQJHDUO\
childhood science curriculum, Metz (1997) stresses the need for teachers to pay 
attention to individual variability.  
In designing the current study, 3LDJHW¶V FRQVWUXFWLYLVW WKHRU\ LV VXSSOHPHQWHG E\
9\JRWVN\¶V -1934) socio-cultural theory of learning. Unlike Piaget, who 
considered the child as a solitary learner, Vygotsky claimed that development occurs 
through social interactions. Children learn through social relationships with a more 
knowledgeable individual (e.g. a teacher, parent), by engaging in exploratory talk and 
activities that supply them with the appropriate words, skills and knowledge to 
reorganise and understand their experiences (Campbell & Jobling 2012; Harlen & 
Rivkin 2000; Moll 1990). Social constructivist teaching approaches facilitate learning 
through student engagement in inquiry-oriented activities and meaningful dialogue 
between teacher and student (Skamp 2012). Argued eloquently by Harlan and Rivkin 
(2000, p.19) it adds µWR 3LDJHW¶V WKHRULHV WKH LQVLJKW WKDW FKLOGUHQ DUH KHOSHG DQG
influenced in their knowledge construFWLRQE\WKHSHRSOHDURXQGWKHP¶.  
Vygotsky also developed the concept of the µ]RQHRISUR[LPDOGHYHORSPHQW¶ZKLFK LV
WKH GLIIHUHQFH EHWZHHQ D FKLOG¶V LQGHSHQGHQWPHQWDO GHYHORSPHQW DQGZKDWPLJKW EH
achieved with assistance from interacting adults scaffolding the learning experience 
(Charlesworth & Lind 2012; Campbell & Jobling 2012; Hedegaard 1996). Teachers 
challenge children to reach new levels of competence through modifying tasks to an 
appropriate level, by adjusting the activity or degree of adult assistance, or both. 
Sociocultural constructivism thus emphasises that the role of teachers is critical to 
childUHQ¶VOHDUQLQJ&DPSEHOO& Jobling 2012; Harlan & Rivkin 2000). 
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2.6.2 Reggio Emilia Approach 
Reggio Emilia is a city in Northern Italy that established a comprehensive education 
system for early childhood learners since the end of World War Two (Hewett 2001). 
The Reggio Emilia approach SURYLGHV D V\VWHP RI OHDUQLQJ ZKHUH µHDFK FKLOG¶V
LQWHOOHFWXDOHPRWLRQDOVRFLDODQGPRUDOSRWHQWLDOVDUHFDUHIXOO\FXOWLYDWHGDQGJXLGHG¶
(Edwards, Gandini & Forman 1998, p.xvi) aQG WKH WHDFKHUV µNQRZ KRZ WR OLVWHQ WR
children, how to allow them to take the initiative, and yet how to guide them in 
SURGXFWLYH ZD\V¶ (GZDUGV *DQGLQL 	 )RUPDQ  S[YLL 7KLV DSSURDFK that 
continues to influence early childhood education is particXODUO\DSSOLFDEOHWRFKLOGUHQ¶V
learning in science (Stegelin 2003). Table 5 outlines four key learning components of 
science teaching emphases from the literature that aligns with the Reggio approach 
(Inan, Trundle & Kantor 2010, p. 1188). 
Table 5. Early childhood science teaching and Reggio Emilia 
Learning component Emphasis on 
Inquiry-based education Asking questions, inquiring about the world, being interested in 
science 
Active learning Hands-on experiences, manipulating objects, engaging with resources 
and ideas 
Play Interest and joy gained through activities. Relating activities to 
FKLOGUHQ¶VLQWHUHVWV 
Scaffolding Adult and peer guidance and negotiation, teacher modelling, group 
work 
Grounded in inquiry, the Reggio approach is compatible with constructivist based early 
childhood science pedagogy (Harlan & Rivkin 2000; Stegelin 2003) and ideal for 
learning about the natural sciences. Viewing children as active learners, it nurtures their 
natural curiosity by following curriculum programs led by student interest, and engages 
them in multisensory learning experiences (Inan, Trundle & Kantor 2010; Yoon & 
Onchwari 2006). Providing opportunities for learning through play, including drama 
and exploration of natural resources, encourages the types of thinking needed for 
development of ecoliteracy, e.g. creativity, problem solving, higher order thinking and 
exploration of complex issues (Campbell & Jobling 2012, p.33). The role of the teacher 
in providing a rich, physical environment for exploration, and scaffolding guided 
participation to help children advance their knowledge and develop a deeper 
understanding of ecological concepts and attitudes is developmentally appropriate 
practice for early childhood science (Campbell & Jobling 2012; Yoon & Onchwari 
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2006). Developmentally appropriate practice that emphasises the child as an active 
learner recognises the importance of the teacher-child relationship and provides a rich 
environment for learning science. Although not used exclusively in design of the 
teaching intervention employed in this study, the influence of the Reggio philosophy is 
clearly apparent.  
2.6.3 Early childhood science model 
The theoretical stance outlined above turns now to a consideration of appropriate 
curriculXPµPiaget contributed immeasurably to the development of the early childhood 
education field by maintaining that young children think differently, in some 
circumstances, than do older children and adults. He believed that young children 
require a special kind of curriculum because their thinking is more concrete and less 
ORJLFDO¶ +DUODQ	5LYNLQ 2000, p. 18). A simple model of effective early childhood 
science pedagogy developed by Australian researchers provides a constructivist-based 
framework suitable IRU LQWHUSUHWLQJ DQG GLVFXVVLQJ \RXQJ FKLOGUHQ¶V HFRORJLFDO
XQGHUVWDQGLQJVLQWKHFXUUHQWVWXG\+RZLWW0RUULVDQG&ROYLOO¶VHDUO\FKLOGKRRG
science model includes key characteristics of effective science pedagogy for young 
children that resonate with the constructivist theory and the Reggio approach. Table 6 
provides examples to illustrate each of these characteristics. 
These researchers suggest science in the early childhood years should be simple, 
inclusive, hands-on, and student-centred. It should allow for exploration through the 
process skills, be integrative, allow for questioning, be play-based, and provide 
sufficient time and depth for exploration (Howitt, Morris & Colvill 2007, p.237). 
,QWHJUDO WR DSSO\LQJ WKLV PRGHO WR FKLOGUHQ¶V OHDUQLQg of ecological concepts is 
experiences from which to construct knowledge, young children need hand-on tasks to 
underpin their thinking (Harlan & Rivkin 2000).  
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Table 6. Effective early childhood science pedagogy 
Key characteristic Example 
Simple Basic DFWLYLWLHVFDQGHYHORSFKLOGUHQ¶VVFLHQWLILFXQGHUVWDQGLQJVFLHQWLILF
processes, and positive attitudes towards learning science 
Inclusive Ensuring every child can participate and experience success in science 
DFWLYLWLHVLQFUHDVHVFKLOGUHQ¶VFRQILGHQFHLn and enjoyment of 
participating in science 
Hands-on Learning experiences must be hands-on and visual as young children learn 
in a concrete manner 
Student-centred 7RSLFVVKRXOGEHUHOHYDQWDQGEDVHGRQFKLOGUHQ¶VFXULRVLW\DQGLQWHUHVWWR
motivate their learning 
Exploration through 
process skills 
The science processes of observation, communication and classification 
VKRXOGEHLQFRUSRUDWHGLQWRFKLOGUHQ¶VOHDUQLQJH[SHULHQFHV 
Integrative Integrate other learning areas, such as literacy, to enhance childrHQ¶V
science learning 
Questioning Include questioning to allow children to satisfy their curiosity, remain 
interested and motivated, and share their thinking with the teacher 
Play-based Allows time to explore and think about answers to questions and satisfy 
their own curiosity thorough manipulations of explorations  
Allow time and 
depth for exploration 
Provide sufficient time and depth for exploration to allow the children to 
form concepts from multiple experiences and encourage the transference 
of conceptual understanding 
Applying the above theoretical perspective will enable this research to better understand 
FKLOGUHQ¶VHFROLWHUDF\DQGKRZWHDFKHUVFDQHQKDQFHWKHLUOHDUQLQJ 
2.7 Chapter summary 
The review of extant literature has established that science should be an essential 
component of the curriculum for children in their first years of schooling. Science 
education research suggests primary teachers experience difficulties with science 
instruction and would benefit from examples of effective science teaching practices. 
Whilst constructivist based teaching models provide general characteristics for effective 
VFLHQFHSHGDJRJ\VSHFLILFJXLGHOLQHVIRUILYH\HDUROGV¶OHDUQLQJRI ecological ideas are 
lacking. kLQGHUJDUWHQ FKLOGUHQ¶V HFROLWHUDF\ DQG LWV GHYHORSPHQW LQ UHVSRQVH WR D
teaching intervention is the potential contribution of this study to the research literature. 
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 5HVHDUFKPHWKRG 
This chapter states the research questions, outlines the research paradigm and the 
methodological approach and describes the methods used to conduct the research 
justifying their selection for the current study. Data collection, management and 
analysis are also described. Possible limitations of the methodology are mentioned and 
the ethical procedures applied in the current study are documented.  
3.1 Research questions 
This study was designed to answer the following research questions: 
1) What level of ecoliteracy is demonstrated by kindergarten children? 
2) How does a teaching intervention affect kLQGHUJDUWHQFKLOGUHQ¶VHFROLWHUDF\" 
3) What factors promote enhanced ecoliteracy in young children? 
$VWKHDLPRIWKHFXUUHQWVWXG\ZDVWRGHWHUPLQH\RXQJFKLOGUHQ¶VHFROLWHUDF\DQGKRZ
it is affected by a planned teaching intervention an interpretive research paradigm 
adopting a mixed research methodology that provided different lenses to understand the 
ways in which young children construct meaning, voice concerns and develop 
antecedent behaviours was appropriate. 
3.2 Interpretive research paradigm 
7KH PDMRU JRDO RI WKLV VWXG\ GHWHUPLQLQJ \RXQJ FKLOGUHQ¶V HFROLWHUDF\ UHTXLUHG D
research paradigm that is characterized by concern with the individual. Interpretive 
UHVHDUFK VHHNV WR µunderstand the subjeFWLYH ZRUOG RI KXPDQ H[SHULHQFH¶ (Cohen, 
Manion & Morrison 2011, p.17). Such a paradigm is appropriate to reveal what happens 
WRFKLOGUHQ¶VHFROLWHUDF\DIWHUH[SHULHQFLQJDWHDFKLQJLQWHUYHQWLRQHVVHQWLDOO\ORRNLQJ
through their eyes and exposing their inner thoughts.   
3.3 Mixed methods research methodology 
In this study, a combination of qualitative and quantitative methodologies was deemed 
most appropriate to present a complete set of data. Leech and Onwuegbuzie (2009, 
p.267) propose that conducting mixed methods research involves µcollecting, analyzing, 
and interpreting qualitative and quantitative data in a single study or in a series of 
studies that investigate the same underlying phenomenon¶. Mixed methods research can 
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increase the accuracy of data and provide a more complete picture of the phenomenon 
under study than would be yielded by a single approach, thereby overcoming the 
weaknesses and biases of single approaches (Denscombe 2008). Wellington and 
SzczHUELQVNLSDGYLVHµthe choice of the method should always be dictated 
by WKH QDWXUH RI WKH SUREOHP¶ The combination of both methodologies provided the 
ability to statistically analyse the quantitative data while also acknowledging the 
importance of recognizing the individual voices of the research participants (Cohen, 
Manion & Morrison 2011). 
Historically, quantitative methods have been the accepted and preferred method of data 
collection for scientific studies. The 1950s and 1960s saw this technique dominate the 
fields of sociology and science. Since the 1960s, qualitative methods have gained 
recognition and validity, becoming increasingly accepted and even favoured when used 
in combination with quantitative methods (Hammersley 1992).  Social research methods 
regularly generate both qualitative and quantitative data (Wellington & Szczerbinski 
2007). 
Both methodologies have strengths and weaknesses. While qualitative research 
techniques are flexible and allow for rich accounts from human subjects (e.g. individual 
interviews), conclusions made on the data collected cannot be applied to a general 
population. Quantitative methods, on the other hand, allow for generalisations to be 
made from a sample to a population but can be criticized for being too rigid and 
inflexible (e.g. questionnaires). These limitations can be largely overcome by 
combining the two methods. 
3.4 Overview of research design 
Table 7 details the timing and key purposes of the stages of the study. Before any data 
were collected, the researcher spent time with the children to establish a rapport.  
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Table 7. Overview of research design and study timeline 
Activity Date Purpose 
Researcher spent time with class June 2010 Rapport building 
Drawing  June 2010 Pre-test data collection 
Individual interviews 
Drawings and interviews coded 
Teaching intervention June 2010 Teach children about ecological concepts  
Drawing  June 2010 Post-test data collection 
Individual interviews 
Drawings and interviews coded 
Drawing  November 2010 Delayed post-test data collection 
Individual interviews 
Drawings and interviews coded 
Teacher interviews December 2010 Teacher perceptions  
Drawings and interviews coded and analysed 2011 Data analysis 
Data collection began in June 2010, with a pretest where the children completed a 
drawing task and were interviewed. Subsequently a teaching intervention was 
implemented consisting of three one-hour lessons presenting ecological concepts.  The 
teaching intervention is described in detail in Chapter 4. In an initial post-test, the 
children completed a second drawing and were again interviewed. A delayed post-test 
was conducted five months later using the same drawing and interview protocol. 
Classroom teachers were also interviewed at this time. Data analysis occurred 
throughout the remainder of 2010 and into 2011. 
3.4.1 Quasi-experimental design 
The study followed a single-subject design, meaning a design that relies on the 
comparison of treatment effects on a single subject or group of single subjects. Unlike 
between-group designs, which include experimental and control groups, single-subject 
experimental designs involve the evaluation of a single person or small group before, 
during, and following implementation of an intervention (Brown-Chidsey & Steege 
2010).  
More precisely the study adopted a quasi-experimental pre-test, post-test, delayed-post-
test design, which is described in Figure 1. Quasi-experimental designs are widely 
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DFFHSWHGLQHGXFDWLRQVHWWLQJVDVWKHUDQGRPDVVLJQPHQWLHDVLQDµWUXH¶H[SHULPHQW
of schools and/or classrooms to investigate treatments is not practical (Cohen & Manion 
1989).  
O¹ --- X --- O² ------ O³ 
The researcher measures a group on a dependent variable (O¹) and introduces an experimental 
manipulation (X) after time (---). Following the experimental treatment, the researcher again measures the 
group (O²) and proceeds to account for differences between pre-test and post-test scores by reference to 
the effects of X. A third measurement (O³) is taken after an extended amount of time to WHVWWKHJURXS¶V
retention of scores from the intervention (X). 
Figure 1. Explanation of a pre-test-post-test-delayed-post-test design 
Following recommendations by Cohen, Manion and Morrison (2011) the pre-test was 
conducted as close to the start of the intervention as possible, to avoid the influence of 
confounding factors between the pre-test and the start of the intervention (for example, 
other content that has been covered in class by the classroom teacher). Some researchers 
claim that children should be interviewed as soon as possible after an intervention to 
obtain the most accurate information (Docherty & Sandelowski 1999; Steward & 
Steward 1996). Others disagree, arguing that by interviewing the child too soon after the 
intervention resultant effects may not be noticeable (Cohen, Manion & Morrison 2011). 
If the interview is left too late, the researcher will not be able to distinguish if any 
observed effect is caused by the intervention or by some other factors. Further, it is 
possible that an immediate post-test could easily find an effect, but the effect is not 
sustained to any worthwhile degree over time (Cohen, Manion & Morrison 2011). The 
difficulty of the timing of the post-test was overcome in the current study by having an 
additional post-test, with the first post-test administered soon after the intervention had 
ended, and its equivalent form administered after a longer period of time ± to determine 
more long-lasting effects. 
The major advantage of this design is that the participants become their own controls, 
through repeat interview instances, reducing the effects of reactivity (Cohen, Manion & 
Morrison 2011). Further trends revealing the impact (or otherwise) of the intervention 
RQFKLOGUHQ¶VHFROLWHUDF\RYHUWLPHZLOOEHFRPHDSSDUHQW 
3.4.2 Data collection tools 
The main data collection methods for this study comprised a drawing task and clinical 
LQWHUYLHZV 7KHVHZHUH FKRVHQ WR SURYLGH LQVLJKW LQWR FKLOGUHQ¶V XQLTXH WKLQNLQJ DQG
meaning resulting from their individual experiences. Drawings and interviews, when 
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LPSOHPHQWHG WRJHWKHU KDYH SURYLGHG VXFFHVVIXO UHVXOWV LQ PHDVXULQJ FKLOGUHQ¶V
thoughts on scientific phenomena in a number of studies (see: Barraza 1999; Bowker 
2007; Dove, Everett & Preece 1999; Shepardson 2002; Strommen 1995). 
3.&KLOGUHQ¶VGUDZLQJV 
Drawings are often used in science and education studies with children as they provide a 
TXLFNHDV\DQGLQH[SHQVLYHWRROWKDWFDQEHXVHGWRJDXJHFKLOGUHQ¶VXQGHUVWDQGLQJRID
FRQFHSW .|VH $ FKLOG¶V GUDZLQJ FDQ UHYHDO WKHLU µPHQWDO UHSUHVHQWDWLRQs and 
FRQFHSWXDONQRZOHGJHDERXWWKHREMHFWVWKH\GUDZ¶5HLWKS:KHQDVVHVVLQJ
what young children understand of scientific concepts, more information is expected to 
EHREWDLQHGIURPDFKLOG¶VGUDZLQJWKDQZKDWWKH\FDQDUWLFXODWHWKURXJKVSHHch or the 
written word (Greca & Moreira 2000; Moseley, Desjean-Perrotta & Utley 2010; 
Shepardson et al. 2007). Drawings have been successfully used in science as assessment 
WRROVIRUVWXG\LQJ\RXQJFKLOGUHQ¶VSHUFHSWLRQVRIYDULRXVHQYLURQPHQWDOLVVXHV. Upper 
primary students (9-11 years old) had their understanding of the water cycle (Dove, 
Everett & Preece 1999) and rainforests (Bowker 2007) measured through analysis of 
their drawings. Barraza (1999) investigated middle primary (7- \HDUV ROG VWXGHQWV¶
environmental perceptions through their drawings. Lower primary (5-7 years old) 
students were asked to complete drawings showing their understanding of forests 
(Strommen 1995) and insects (Shepardson 2002). All of these studies involved 
interviews with the children, combined with analysis of their drawings, to reach a 
conclusion on their understanding of a particular concept. 
Drawings also provide a form of expression for children who are especially visual 
learners, or have trouble verbalizing their thoughts (Rennie & Jarvis 1995). Drawings 
FDQ H[SORUH DVSHFWV RI FKLOGUHQ¶V XQGHUVWDQGLQJ WKDW PD\ UHPDLQ KLGGHQ ZKHQ XVLQJ
other methods, such as tests (Shepardson 2005). Studies have also shown that young 
children are not inhibited by any perceived lack of artistic ability (Punch 2002), making 
WKLV DQ DSW PHWKRG IRU GHWHUPLQLQJ \RXQJ FKLOGUHQ¶V HFROLWHUDF\ +RZHYHU GLUHFW
interpreWDWLRQRIFKLOGUHQ¶VGUDZLQJVFDQOHDGWRIDOVHDVVXPSWLRQVDERXWWKHLUPHDQLQJ
This  was overcome by discussing drawings with the children in order to reveal an 
understanding of the content and meaning of the drawing during individual interviews 
(Greig, Taylor & Mackay 2007).  
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3.4.2.2 Semi-structured clinical interviews  
Research has shown that children as young as three years old can be reliably 
interviewed (Docherty & Sandelowski 1999), providing accurate accounts of personal 
experiences, giving graphic descriptions and showing an ability to resist adult 
suggestions (Poole & Lamb 1998). In general, interviews may be used as the principal 
means of gathering information to address research objectives by providing access to 
ZKDWLVLQVLGHSHRSOH¶VKHDGVHQDbling measurement of knowledge, values, attitudes and 
beliefs. Interviews may also be useful in conjuction with other methods (Cohen, Manion 
& Morrison 2011). Both purposes are used in the current study to help the researcher 
DFFXUDWHO\ LQWHUSUHW FKLOGUHQ¶s drawings and to determine their understanding of 
ecological concepts.  
The semi-structured nature of the interviews allows for use of standardized open-ended 
questions for comparability across subjects with the necessary flexibility for the 
researcher to probe for more details where required. The strength of the clinical 
interview technique, pioneered by Piaget, LV VHHQ WKURXJK µthe ability to collect and 
DQDO\VHGDWDRQPHQWDOSURFHVVHVDWWKHOHYHORIDVXEMHFW¶VDXWKHQWLFLGHDV¶ that cannot 
be detected by less open-ended techniques (Clement 2000, p. 547). Its appropriateness 
for the current study lies in the ability of the researcher to gain first hand insights into 
FKLOGUHQ¶VWKLQNLQJUHODWHGWRHFROLWHUDF\ 
3.4.2.3 Reliability and triangulation 
Researchers have shown that reliable data can be retrieved from young children (Fleer 
& Hardy 1996) and it has been acknowledged that children are the best sources of 
information about themselves (Bearison 1991; Deatrick & Faux 1989). This has led 
researchers to shift the focus away from seeking information about children to obtaining 
information directly from them (Docherty & Sandelowski 1999).  
3.4.2.3.1 Reliability in interviews 
7KH FXUUHQW VWXG\ IROORZHG 6LOYHUPDQ¶V  VXJJHVWLRQV WR HQKDQFH UHOLDELOLW\ in 
interviews by piloting the interview protocol, utilizing another researcher in coding the 
responses, and focusing on the use of open-ended questions in the interview. Table 8 
SUHVHQWV 3RROH DQG/DPE¶V  UHVHDUFK LQWR IDFWRUV LQIOXHQFLQJ WKH DFFXUDFy of a 
FKLOG¶V UHVSRQVH GXULQJ DQ LQWHUYLHZZKLFK LQFOXGHV H[DPSOHV and how these points 
were accounted for in the current research.  
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Table 8. )DFWRUVLQIOXHQFLQJDFKLOG¶VLQWHUYLHZDQVZHUVDQGKRZWKH\ZHUHDFFRXQWHGIRU 
Influential Factor Example Dealt with in this study by 
Characteristics of the 
events  
How long ago they 
occurred 
Conducting interviews within one to four days of the 
drawing task taking place. 
Circumstances 
surrounding their 
recall 
Types of questions 
used in the interview 
Making every effort to ask open-ended questions. If a 
closed question was needed, it was always followed up 
with an open-ended question, to allow the children to 
express themselves freely. 
Emotional and social 
factors  
 
&KLOG¶VPRWLYDWLRQWR
tell the truth and please 
the interviewer  
Establishing rapport and trust with the children before 
any data collection took place. This was achieved by 
spending time in the classroom, assisting the teacher 
and getting to know the children. 
Firstly, interviews with children were conducted as soon as practical (within four days) 
after the drawing tasks. This factor was attended to in each of the three data collection 
phases.  Secondly, the interview protocols involved open-HQGHGTXHVWLRQVWRDYRLGµ\HV¶ 
or µQR¶DQVZHUVDQGWRHQFRXUDJHFKLOGUHQ to provide fuller, information-rich responses. 
Thirdly, emotional factors were addressed by including a rapport-building, pre-
intervention component into the  research design.  
In the current study rapport was established with the children by spending time in the 
classroom and assisting the teachers with lessons before any data collection occurred. 
7KLVZDVWRHQFRXUDJHFKLOGUHQ¶VWUXVWDQGSDUWLFLSDWLRQGXULQJWKHWHDFKLQJLQWHUYHQWLRQ
and to elicit more accurate and relevant responses in the interviews. Glesne (1999) 
showed that spending time building sound relationships with subjects contributes to the 
collection of trustworthy data by creating a level of trust and rapport. This is especially 
WUXHZLWK\RXQJVXEMHFWVDV³OLHVDQGHYDVLRQDUHOHVVOLNHO\ZKHQDUHVHDUFKHUKDVEuilt 
XSD UHODWLRQVKLSRI WUXVWZLWK FKLOGUHQ´ (Ennew 1994, p.57). Children are potentially 
more impressionable due to the unequal power relationship between child subjects and 
adult researchers (Boyden & Ennew 1997) so time needs to be invested to form a 
relationship and gain their trust (Punch 2002).  
Further, the primary researcher conducted all of the interviews, as children have been 
shown to provide inconsistent information (that is, provide different information about 
the same event) when two or more different interviewers were used (Docherty & 
Sandelowski 1999; Fivush & Hamond 1990; Fivush et al. 1991; Wilson & Powell 
2001). Where possible, it is recommended that only one interviewer conduct the 
interviews as it is believed that a more accurate account will be given as the child needs 
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only build a rapport with one interviewer, thereby reducing stress and increasing 
accuracy (Poole & Lamb 1998).  
Children differ from adults in cognitive and linguistic development, attention and 
concentration span, ability to recall, life experiences, what they consider to be 
important, status and power (Arksey & Knight 1999), all of which can have a bearing 
on the quality of the data collected in an interview. Although individual interviews may 
not be the most ideal method to use with young children, it was necessary to gain 
LQVLJKWLQWRFKLOGUHQ¶VNQRZOHGJHRIHFRORJLFDOFRQFHSWVDQGDWWLWXGLQDOLGHDV6SHFLILF
strategies were adopted in the current study following guidelines by Arksey and Knight 
(1999) and Cohen, Manion and Morrison (2011, p. 433) to cater for the needs of the 
children and form a reliable protocol for interviewing young children. This included: 
use of open-ended questions; establishing rapport prior to commencing interviews; 
allowing thinking time before answering questions; using child appropriate language; 
avoiding signs of approval or disapproval of responses given; and projection technique 
where children were asked to refer to their own drawings (see Appendix A). 
3.4.2.3.2 Inter-rater reliability  
Inter-rater reliability refers to the consistency with which two (or more) raters evaluate 
the same data using the same scoring criteria (Stemler 2004). In the current study a 
colleague was enlisted to assist in scoring the drawings and interviews. After both raters 
had independently scored the drawings and interviews, any discrepancies were 
highlighted and discussed. Scores that held a difference of one point were left 
unchanged. A difference of two points or more, led to the original drawings and 
interviews being discussed until an agreement was made. Once all scores were within a 
single point of each other, any differences between inter-rater scores were determined 
using a t-test. No significant difference was found at: pre-intervention (t(48) = 0, p>0.05); 
post-intervention (t(48) = -1.07, p>0.05); or delayed-post-intervention (t(48) = -1.40, 
p>0.05). 
3.4.2.3.3 Triangulation 
The design of the current study enabled triangulation through the use of more than one 
method of investigation and thus more than one type of data in different ways. 
Triangulation may refer to within-methods or between-methods. A within-method 
approach involves the same method being used on different occasions, while between-
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methods means using different methods in relation to the same object of study, issue, 
etc. (Brannen 1992). Both approaches were used here, the former through multiple 
stages of the study (pre-intervention, post-intervention and delayed-post-intervention) 
and the latter through multiple sources of information (chilGUHQ¶VGUDZLQJVFKLOGUHQ¶V
interviews and teacher interviews) .  
Triangulation provides in-depth data, increases the confidence in the research results 
and enables different dimensions of the problem to be considered (Barbour 2001). A 
combination of methods is thought to improve the consistency and accuracy of data by 
providing a more complete picture of the phenomenon, and increasing the reliability and 
validity of the study if the analyses of the data collection methods agree (Hussein 2009). 
3.4.3 Sampling methods and samples 
The sampling strategy used was a non-probability or purposive sample because the 
researcher wished to target young children in their first year of formal schooling 
(Cohen, Manion & Morrison 2011, p. 153). Five school principals in the Inner-Western 
Sydney area were approached (via email) to participate in the study, with children being 
recruited from two schools that were both available during the study period and willing 
to be involved. Both schools are average sized, metropolitan primary schools in the 
Inner City Sydney region. School A has over 200 enrolments, with a slightly higher 
ratio of females to male students and 11 teaching staff. The 2011 National Assessment 
Program - Literacy and Numeracy (NAPLAN) results show the school to be performing 
above or substantially above average in all areas of literacy and numeracy, compared to 
all other Australian schools. Their results are on par with statistically similar schools. 
School B has an enrolment of just over 300 students and 22 teaching staff. Female 
student enrolment is also slightly higher than that of male students. 25% of the students 
come from a language background other than English. In the 2011 NAPLAN tests, the 
school achieved literacy and numeracy results above or substantially above those of 
other Australian schools. The school performed on par with statistically similar schools. 
Criterion based sampling sought young children who were: 5 or 6 years old; in 
kindergarten; for whom parental consent was obtained and who participated in all three 
data collection stages. The study enlisted a total of twenty-five kindergarten children: 14 
from School A and 11 from School B. Data collected from each class were pooled to 
form a single sample. Table 9 shows the ratio of males to females in the student sample. 
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The number of female children (68%) was higher than that of the male children (32%) 
and are representative of the classes utilised in the study.  
Table 9. Total number and gender ratio of participants 
Ratio Frequency Percent (%) 
Female n=17 68 
Male n=8 32 
Total n=25 100 
This non-random sampling technique is limited by the inability to generalise from the 
sample to a population (all kindergarten children) on the basis of a single research study 
(Johnson & Christensen 2010). Generalisation, however was never the intention of the 
current study and such a tradeoff was necessary to meet the purpose of the study by 
accessing participants enrolled at the kindergarten level, a sample which represents 
itself.    
The classroom teachers of both kindergarten classes were also involved in the data 
collection process. Both teachers were interviewed after the intervention and completion 
RI WKH FKLOGUHQ¶V LQWHUYLHZV 7KH WHDFKHU VDPSOH ZDV LQFOXGHG WR gain: additional 
information about childUHQ¶V OHDUQLQJ DQG HQJDJHPHQW UHVXOWLQJ IURP WKH WHDFKLQJ
LQWHUYHQWLRQWHDFKHU¶VLPSUHVVLRQVDERXWWKHHIIHFWLYHQHVVRIWKHWHDFKLQJLQWHUYHQWLRQ
DQG LWV FRPSRQHQW UHVRXUFHV DQG WHDFKLQJ VWUDWHJLHV WHDFKHU¶V YLHZV DERXW WHDFKLQJ
science after experiencing the teaching intervention.  
Additional sample items included anectodal comments made by teachers and children 
during the teaching intervention and observations about the school environments made 
by the researcher during the rapport-building visits. These data were intended to 
sensitise the researcher to the learning environments the children experienced rather 
than answer the research questions. 
3.4.4 Data collection methods 
Data were collected from the children both before and after the planned teaching 
intervention that is detailed in Chapter Four. The methods used comprise child 
generated drawings and clinical interviews.  
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3.4.4.1 Procedures for drawings and interviews 
Drawing tasks and interviews with kindergarten children followed a planned procedure 
across three time intervals, pre-test, post-test and delayed post-test as described below. 
Before any data were collected, rapport was established with the children by the 
researcher spending a period of time in the classrooms as a teaching assistant.  
3.4.4.1.1 Pre test 
1. Drawing task. The drawing task was completed as a whole class activity, with 
children completing drawings individually. The children were provided with a blank 
piece of paper and coloured pencils. The children were asked to: 
³'UDZHYHU\WKLQJWKDW\RXNQRZDERXWSHQJXLQV´ 
Prompts were provided when necessary, for example:  
³:KDWNLQGRIWKLQJVGRWKH\QHHG"´DQG³:KDWNLQGRISODFHGRWKH\OLYHLQ"´ 
No other information was offered. Twenty minutes was allocated to the task. 
2. Interview. Children were interviewed over the following week at a time of 
convenience negotiated with the class teacher. Children were withdrawn from class 
activities and interviewed individually. Interviews took place either at the side of the 
classroom or in an adjacent room ensuring the child had a comfortable and quiet space 
in which to talk. An interview guide (see Appendix A) was used to clarify the meaning 
RI WKH FKLOG¶V GUDZLQJ DQG WR HOLFLW IXUWKHU LQIRUPDWLRQ IURP WKH FKLOG UHJDUGLQJ WKHLU
knowledge and understanding of ecological concepts.  
The purpose of the interview was briefly explained and the child was reminded not to 
guess their answers. After this introduction, the researcher played back some of the 
recording to the child so they could hear their own voice. The recorder provided much 
interest for the child and by allowing them to listen to their voice it was thought they 
would be better able to focus on the important questions in the interview. 
The child was shown their drawing and invited to give a free report about it by saying: 
³7HOOPH DERXW \RXU GUDZLQJ<RX FDQ SRLQW WR WKLQJV VR WKDW , FDQ VHHZKDW \RX DUH WDONLQJ
DERXW´ 
The child was prompted once after their free narrative, to determine if there was 
anything else they wanted to explain in their picture.  
0RUHVSHFLILFHFRORJLFDOTXHVWLRQVZHUHWKHQDVNHGUHJDUGLQJWKHFKLOG¶VNQRZOHGJHRI
SHQJXLQV¶HDWLQJKDELWVSUHGDWRUVKDELWDWDQGEHKDYLRXU)LQDOO\ WKHFKLOGZDVDVNHG
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whether they perceived penguins as having any problems or encountering any dangers. 
This question was designed to elicit their understanding of environmental concerns in 
regards to the penguin.  
Each interview took approximately 10-20 minutes (although no time restrictions were 
applied and interviews progressed for as long as necessary) and interviews were 
digitally recorded.  
3.4.4.1.2 Teaching intervention 
The teaching intervention (described in detail in Chapter 4) was implemented the 
following week, with the children being taught as a whole class. The lessons were 
presented to the children over a period of four days. Data collected as part of the 
teaching intervention comprised a KWL chart activity (described in Chapter 4). The 
researcher led a discussion with the whole class at the very beginning of the teaching 
intervention where children were asked two questions:  
³:KDWGR\RXNQRZDERXWSHQJXLQV"´DQG³:KDWGR\RXZDQWWRNQRZDERXWSHQJXLQV"´ 
&KLOGUHQ¶VUHVSRQVHVZHUHUHFRUGHGRQDODUJHVKHHWRISDSHULQWZRFROXPVKHDGHGZLWK
each question. This served to elicit FKLOGUHQ¶VSULRUNQRZOHGJHDERXWWKHWRSLFDQGZKDW
WKH\ ZHUH LQWHUHVWHG LQ OHDUQLQJ DERXW $W WKH HQG RI WKH LQWHUYHQWLRQ FKLOGUHQ¶V
responses to the above questions were briefly reviewed before they were asked a final 
question: 
³:KDWKDYH\RXOHDUQWDERXWSHQJXLQV"´ 
Responses to this question were recorded on a third column on the paper and served to 
UHYLHZDQGFRQVROLGDWHFKLOGUHQ¶VOHDUQLQJIURPWKHWHDFKLQJLQWHUYHQWLRQ 
3.4.4.1.3 Post tests 
An intitial post-test took place in the week following the intervention. The same 
drawing and interview procedure as the pre-test was used to collect comparative data on 
FKLOGUHQ¶V HFRORJLFDO FRQFHSWV DQG Ldeas about penguins. A second, delayed-post-test 
took place five months later to determine if any effects noted from the post-test 
remained, that may provide evidence of the longer term influence of the teaching 
intervention. Identical procedures to the pre-test and initial post-test were followed. 
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3.4.4.1.4 Teacher interviews 
Classroom teachers were interviewed after all other data collection was completed. 
Teachers were interviewed indivuidally and asked a series of questions to gain their 
SHUFHSWLRQV RI FKLOGUHQ¶V OHDUQLQJ IURP WKH LQWHUYHQWLRQ DQG WR VHHN IHHGEDFN RQ WKH
pedagogy of the intervention (see Appendix B). Teachers were also invited to comment 
on observations made about the children since the intervention, that may have provided 
evidence of ongoing effects.    
3.4.4.2 Recording and management of drawings and interview data 
A digital voice recorder was used to record each interview and handwritten notes were 
taken during the course of each interview. &KLOGUHQ¶VGUDZLQJVZHUHVFDQQHG WRPDNH
copies, with the original drawings being returned to individual children.  
3.4.5 Data analysis 
Once data collection was complete, the data were organised and analysed into four main 
VHFWLRQVQDPHO\FKLOGUHQ¶VJHQHUDOLGHDVDERXWSHQJXLQVFKLOGUHQ¶VVSHFLILFLGHDVDERXW
SHQJXLQVFKLOGUHQ¶VHFROLWHUDF\DQGWHDFKHU¶VYLHZVRQWKHLQWHUYHQWLRQ 
3.4.5.1 &KLOGUHQ¶Vgeneral ideas 
7KH FKLOGUHQ¶V DQVZHUV IURP WKH.:/ DFWLYLW\ ZHUH FROODWHG WR JLYH DQ RYHUYLHZ RI
what the children knew about penguins, wanted to know about penguins, and had learnt 
about penguins. The group data were then broken down into specific ecoliteracy 
components (habitat, food chains, animal behaviour, biodiversity and environmental 
issues) in order to assess in which areas the children either lacked or had a proficiency 
in ecological knowledge. 
3.4.5.2 &KLOGUHQ¶VVSHFLILFLGHDV 
&KLOGUHQ¶VGUDZLQJVand interviews were coded to obtain quantitative data. Coding is a 
major feature of qualitative analysis (Flick 2009; Gibbs 2007; Strauss & Corbin 1990) 
DQGPD\ LQYROYH ¶GDWD FRQYHUVLRQ¶ RU µWUDQVIRUPDWLRQ¶ 7HGGOLH	7DVKDNNRUL 
where qualitative daWDDUHµTXDQWLWL]HG¶FRQYHUWHGLQWRQXPEHUVIRUH[DPple by giving 
frequency counts for certain responses, codes, data or themes in order to establish 
regularities or peculiarities (Sandelowski, Voils & Knafl 2009). A code is simply a 
name or label that the researcher gives to a piece of text that contains an idea or a piece 
of information which can then be analysed (Cohen, Manion & Morrison 2011). This 
label may be decided in advance (a priori) or derived from the data that have been 
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collected (i.e. as in Grounded Theory) (Wellington & Szczerbinski 2007). While most 
studies develop codes from analysis of the data, this study used pre-existing codes 
which were created from the ideas and theoretical models contained in the Literature 
Review (Chapter 2). By coding the data the researcher is able to detect frequencies 
(which codes are occurring most commonly) and patterns (which codes occur together).  
$ VFRULQJ UXEULF ZDV XVHG WR TXDQWLI\ FKLOGUHQ¶V HFROLWHUDF\ NQRZOHGJH IURP WKHLU
drawings and interviews (see Table 10). The maximum ecoliteracy score possible was 
15, and the minimum score possible was zero. The child had to verbally mention a 
concept/object for it to be counted. Incorrect answers were not counted.  Points were 
ILUVW VFRUHG IURP WKH FKLOG¶VQDUration of their drawing (Question 1 of the Interview). 
Points were then added from the remaining interview questions. If a child mentioned an 
idea twice (for example, mentioned ocean as a habitat in both the drawing and the 
interview), it was only counted DV D VLQJOH VFRUH$ FKLOG¶V DQVZHUPD\ EH FRGHG DW
several levels. For example, an answer that a penguin is hunting fish would be coded 
twice, once for Animal Behaviour (hunting) and once for Food Chains (fish as prey). A 
child could only score the maximum of three points for each concept (for example, if 
they provided five penguin behaviours, they would still achieve a score of three). 
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Table 10. Scoring rubric for penguin drawings and interviews 
 Scores and examples 
Ecological concepts 0 1 2 3 
Habitat None/ inappropriate 
habitat 
1 habitat 2 habitats 3 habitats 
e.g. ice, ocean, land, beach, rocks, burrow, lava rocks, bushes 
Food chains No presence of food 
 
1 prey  
/ 1 predator 
 
2 prey / 2 predators 
/ 1 prey & 1 predator 
2 prey & 1 
predator 
/ 1 prey & 2 
predators 
Prey e.g. fish, plankton, squid, krill.  
Predator e.g. Natural (seal, leopard seal, killer whale, skua) or Introduced (dogs, cats) 
Biodiversity 1 penguin 
 
>1 penguin 
 
Other animals Animals on land 
and sea 
Animal behaviour No behaviours present 1 penguin 
exhibiting 1 
behaviour 
2 behaviours 3 behaviours 
e.g. preening, feeding, swimming, hatching 
Environmental 
issues 
No issues present 1 issue 1 issue & 1 solution 
/ 2 issues 
2 issues & 
solutions 
e.g. pollution, introduced predators, roads/houses, overfishing, loss of habitat, humans 
To demonstrate how the coding scheme works, an example is provided below.
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Figure 2. Pre-intervention drawing for Zara, annotated to indicate child's description of their 
drawing  
At pre-intervention Zara received a score of one for her first drawing, as she drew more 
than one penguin (Biodiversity = 1) (see Figure 2). She achieved another five points 
with the answers from her interview. Zara correctly answered that penguins eat fish 
(Food Chains = 1), live in water (Habitat = 1), and can dive into the water (Animal 
Behaviour = 1). She also spoke of penguins being hunted by people, and when asked 
what we could do to help the penguins, she suggested stopping the people from hunting 
them (Environmental Issues = 2). This brought her total pre-intervention ecoliteracy 
score to six.  
ĂďǇŝŶŵƵŵ͛ƐƚƵŵŵǇ 
͚>ŽŐ͛ŚŽƵƐĞ Carpet 
Mum penguin 
Baby penguin 
in bath 
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Figure 3. Post-intervention drawing for Zara, annotated to indicate child's description of 
their drawing  
At post-intervention Zara received a score of one for her second drawing, again for 
indicating more than one penguin (Biodiversity =1) (see Figure 3). She was able to add 
another eight points from her interview responses. Zara correctly answered that 
penguins eat fish and are eaten by sharks (Food Chains = 2), they can live by the beach 
and on volcano rocks (Habitat = 2), and they live with both land (dogs) and sea (fish) 
creatures (Biodiversity = 3). Zara spoke of domestic dogs as being a threat to penguins 
as the penguins are not as fast on land, making it easier for the dogs to catch them. Her 
suggested solution was to stop the dog and protect the penguin (Environmental Issues = 
2). This brought her total post-intervention ecoliteracy score to nine. 
 
Snowman that 
can talk 
Mum penguin (with 
baby in tummy) 
sleeping in bed 
Penguin 
house 
Little Penguin ʹ up in 
mountains, will slide 
down 
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Figure 4. Delayed-post-intervention drawing for ZaraDQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing  
At delayed-post-intervention Zara scored six points for her final drawing as she drew 
water (Habitat = 1), fish as prey (Food Chains = 1), animals other than penguins 
(Biodiversity = 2), and penguins displaying hunting and swimming (Animal Behaviour 
= 2) (see Figure 4). From her interview responses, Zara was able to add another four 
points to her score. She mentioned both whales and humans as predators of penguins 
(Food Chains = 2), penguins living on sand (Habitat = 1), and land (dogs) and sea (other 
penguins) animals that coexist with penguins (Biodiversity = 3). This brought her total 
delayed-post-intervention ecoliteracy score to ten. 
͞zŝƉƉĞĞ
ƚŚŝƐŝƐĨƵŶ͊͟ Iceberg 
͞WĞŶŐƵŝŶƐ
ĞĂƚĨŝƐŚ͟ 
Baby penguin 
sliding down 
iceberg 
Fish, 
tadpole 
Baby 
penguin 
sleeping 
Mum and kid 
penguins waiting for 
Daddy to get fish 
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3.4.5.3 &KLOGUHQ¶VHFROLWHUDF\ 
Both drawing and interview interpretations were quantified into numerical items to 
identify any trends among kLQGHUJDUWHQ FKLOGUHQ¶V LGHDV DERXW SHQJXLQV 'DWD ZHUH
combined (n=25) for analysis and tested to ensure they met parametric assumptions. A 
single-factor analysis of variance (ANOVA) was then conducted to determine whether 
the FKLOGUHQ¶V ecoliteracy scores increased significantly between the pre- and post-test 
and the post-test and delayed-post-test. A Bonferroni adjustment was used on these tests 
in order to reduce the possibility of type I error resulting from the fact that all three sets 
of scores came from the same data set and the alpha adjusted to .01. Raw data from this 
statistical analysis can be found in Appendix C. 
3.4.5.4 7HDFKHU¶VYLHZV 
The interviews conducted with the classroom teachers were qualitatively analysed to 
determine their views on the effectiveness of the teaching intervention, the associated 
resources, and its application in the classroom. 
3.5 Pilot study 
Pilot studies are valuable practices to test logistics and gather information prior to the 
main study, in order to increase its reliability, validity and practicability (Cohen, 
Manion & Morrison 2011; Johnson & Christensen 2010). The pilot study was 
conducted at the end of Term 2, 2009.  
3.5.1 Pilot study procedures and findings 
The purpose of the pilot study was threefold: to determine the suitability of penguins or 
cockatoos as a context for the intervention; to establish a procedure for interviewing 
young children; and to validate the coding rubric for identifying understanding of 
ecological concepts.  
The sample population for the pilot study comprised thirteen children from School A 
(described previously), albeit from a different kindergarten class. Eight girls and five 
boys aged 5-6 years old participated in the study. The pilot involved children 
completing a drawing task prior to being interviewed. The drawings were completed as 
a class activity, with 20 minutes allocated to the task. Children were randomly separated 
LQWR WZR JURXSV RQH EHLQJ DVVLJQHG WR WKH µ&RFNDWRR¶ JURXS DQG WKH RWKHU WR WKH
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µ3HQJXLQ¶JURXS7KHFKLOGUHQZHUe provided with a blank piece of paper and coloured 
pencils before being asked to: 
³'UDZHYHU\WKLQJWKDW\RXNQRZDERXWSHQJXLQVFRFNDWRRV´GHSHQGLQJRQWKHLUJURXS 
Prompts were provided when necessary, for example,  
³:KDWNLQGRIWKLQJVGRWKH\QHHG"´ DQG³:KDWNLQGRISODFHGRWKH\OLYHLQ"´ 
No other information was provided. Over the following two days, the children were 
interviewed individually about their drawing and asked a series of questions relating to 
ecological concepts (Appendix D). Each interview took approximately 10-20 minutes 
and was digitally recorded.  
The scoring rubrics to be validated are shown below. Table 11 was designed to be used 
with the cockatoo group.  
Table 11. Scoring rubric for cockatoo drawings and interviews for the pilot study 
 Score values and examples 
Ecological concepts 0 1 2 3 
Habitat No indication of habitat 
/ inappropriate habitat 
Cage/zoo Tree Trees, nest (mixed 
habitat) 
Food chains No presence of food Worms Seeds Seeds, predators 
Biodiversity A single cockatoo More than one cockatoo Other animals Other animals and 
plants 
Animal behaviour No behaviours present Single cockatoo exhibiting 
behaviours (e.g. preening, 
feeding, flying) 
Cockatoos 
interacting 
Cockatoos interacting 
with other animals 
(including people) 
Environmental 
issues 
No issues present 
 
Cutting down trees Urbanisation Climate change 
Table 12 was designed for use with the penguin group. The rubrics are comparable in 
terms of ecological concepts and differ only in examples that may be provided in 
relation to the particular bird type the children were asked to show their knowledge and 
understanding of in the drawing.  
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Table 12. Scoring rubric for penguin drawings and interviews 
 Score values and examples 
Ecological concepts 0 1 2 3 
Habitat No indication of habitat / 
inappropriate habitat 
Snow/zoo Ice Ice caps, ocean, rocks 
Food chains No presence of food 
 
Plants 
 
Fish Fish, predators 
Biodiversity A single penguin 
 
More than one penguin 
 
Other animals Animals on land and 
sea 
Animal behaviour No behaviours present Single penguin exhibiting 
behaviours (e.g. preening, 
feeding, swimming, 
hatching) 
Penguins 
interacting 
Penguins interacting 
with other animals 
(including people) 
Environmental issues No issues present Pollution Ice caps melting Human causes of 
death 
Analysis of data collected from the pilot study revealed some findings that impacted on 
the final research design which are briefly outlined below. Table 13 shows the mean 
scores of the two groups.  
Table 13. Pilot study results of ecoliteracy scores 
Group Mean Standard deviation 
Penguins M = 8.3 SD = 3.44 
Cockatoos M = 8.4 SD = 2.30 
While there was little difference in the mean scores of the two groups, observations 
made by the researcher and teacher, and comments made by children during the 
drawing activity, suggested that penguins were more readily recognised by the five to 
six year age group than were cockatoos. All children in the Penguin group were familiar 
with their drawing subject, while the Cockatoo group required extra prompting to 
HVWDEOLVK WKH LGHD RI ZKDW D FRFNDWRR LV 7KH UHVHDUFKHU EULHIO\ GHVFULEHG D µW\SLFDO¶
cockatoo to assist the children. However, this alone would have created a level of bias, 
DVWKHGUDZLQJ¶VSXUSRVHLVWRWHVWSUH-existing knowledge. Popularity of movies such as 
³+DSS\)HHW´ DQG³,FH$JH´ DVZHOO DVSHQJXLQVEHLQJDSRSXODU DQLPDO IHDWXUHd in 
\RXQJFKLOGUHQ¶VERRks are possible reasons for this difference in familiarity.  
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3.5.2 Changes made due to the pilot study 
A major outcome resulting from the pilot study was the decision to just use penguins for 
the main study. Other changes to the methodology related to procedures for 
interviewing the children. These include rapport-building, location, interview time, 
types of interview questions and the scoring rubric.  
3.5.2.1 Rapport-building 
The children immediately responded positively to the resHDUFKHU¶V SUHVHQFH LQ WKH
classroom, and became more comfortable as the day went on. While the practice of 
spending time with the children to establish a rapport was time-consuming, it was 
considered an important factor in producing reliable data, thereby leading to the 
decision to retain the practice for the main study.  
3.5.2.2 Location 
Interviews were conducted in a small, open area outside of the classroom but visible to 
the teacher and other children, to satisfy the ethical procedures. While the proximity to 
the classroom kept the children at ease and comfortable, thus assisting their ability and 
willingness to answer questions, there was some level of distraction from teachers and 
children passing by, as well as noises from the classroom. Although not ideal the 
researcher decided to follow the same procedure for the main study due to the young 
age of child participants.  
3.5.2.3 Duration of interviews 
The average time of interviews was 12 minutes, which was less than the estimated 20 
PLQXWHV7KLVLVXVHIXOLQWKDWVKRUWHULQWHUYLHZVUHWDLQFKLOGUHQ¶VLQWHUHVWEXWFRXOGDOVR
indicate that the researcher is not retrieving sufficient information from the children. 
This was rectified by the use of additional follow-up questions in the main study to 
ensure that the greatest amount of information was collected from the children.  
3.5.2.4 Interview questions 
Following analysis of the drawings and interviews it was decided that refinement of the 
interview questions would be necessary for the main study. The use of open-ended 
questions and prompting children to relate to their own experiences was useful. 
However, the children struggled to understand wording used in certain questions, 
HVSHFLDOO\³'RSHQJXLQVFRFNDWRRVKDYHDQ\SUREOHPV"´7KLVUHVXOWHGLQRQO\DVPDOO
number of valid or valuable responses (such as being hunted or loss of habitat), 
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however many children gave antKURSRPRUSKLFDQVZHUVVXFKDV³Qot finGLQJIULHQGV´
This question was refined for the main study, as it is integral to aVVHVVLQJ FKLOGUHQ¶V
HFROLWHUDF\E\DOVRDVNLQJWKHFKLOGUHQ³:KDWFDQZHGR WRKHOSWKHSHQJXLQV"´ 
3.5.2.5 Scoring rubric 
The scoring rubric underwent many changes to better reflect what was being taught in 
the teaching intervention as well as indicating whether a child has a basic or advanced 
understanding of the ecological concepts involved (indicated in bold in Tables 14 and 
15).  
Table 14. Scoring rubric for penguin drawings and interviews used in pilot study (bold indicates 
areas of change) 
 Scores and examples 
Ecological concepts 0 1 2 3 
Habitat None / inappropriate  Snow/zoo Ice Ice caps, ocean, 
rocks 
Food chains No presence of food Plants Fish Fish, predators 
Biodiversity A single penguin More than one penguin 
 
Other animals Animals on land 
and sea 
Animal behaviour No behaviours  Single penguin 
exhibiting behaviours 
(e.g. preening, feeding, 
swimming, hatching) 
Penguins 
interacting 
Penguins 
interacting with 
other animals 
(including people) 
Environmental issues No issues  Pollution Ice caps 
melting 
Human causes of 
death 
Whereas the Pilot Study rubric gave singular, specific answers that could be scored as 
FRUUHFW IRU H[DPSOH µILVK¶ DV D IRRG VRXUFH ZDV DOORFDWHG WZR SRLQWV IRU µ)RRG
&KDLQV¶WKH0DLQ6WXG\UXEULFZDVPRGLILHGWRDOORZWKHFKLOGUHQWROLVWYDULRXVSUH\
DQG SUHGDWRUV WR UHDFK WKH PD[LPXP VFRUH RI WKUHH IRU WKH µ)RRG &KDLQV¶ FRQFHSW
)XUWKHUWKHFRGLQJRIµ(QYLURQPHQWDO,VVXHV¶ZDVQRWDVVWUDLJKWIRUZDUGDVIRUWKHRWKHU
ecological concepts, owing to the fact that the concept itself is more complex. When 
coding for understanding of Environmental Issues, the researcher used analytic coding, 
which is more interpretive than descriptive. That is, unlike the other concepts, a single, 
GHVFULSWLYH ZRUG ZDVQ¶W VXIILFLHQW WR GHWHUPLQH D FKLOG¶V understanding. Instead, a 
group of descriptive codes may have been drawn together to code for an idea (see the 
example provided in Section 3.4.5.1).  
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Table 15. Scoring rubric for penguin drawings and interviews used in the Main Study 
 Scores and examples 
Ecological concepts 0 1 2 3 
Habitat None/ inappropriate 
habitat 
1 habitat 2 habitats 3 habitats 
e.g. ice, ocean, land, beach, rocks, burrow, lava rocks, bushes 
Food chains No presence of food 
 
1 prey  
/ 1 predator 
 
2 prey / 2 predators 
/ 1 prey & 1 predator 
2 prey & 1 
predator 
/ 1 prey & 2 
predators 
Prey e.g. fish, plankton, squid, krill.  
Predator e.g. Natural (seal, leopard seal, killer whale, skua) or Introduced (dogs, cats) 
Biodiversity 1 penguin 
 
>1 penguin 
 
Other animals Animals on land 
and sea 
Animal behaviour No behaviours present 1 penguin 
exhibiting 1 
behaviour 
2 behaviours 3 behaviours 
e.g. preening, feeding, swimming, hatching 
Environmental 
issues 
No issues present 1 issue 1 issue & 1 solution 
/ 2 issues 
2 issues & 
solutions 
e.g. pollution, introduced predators, roads/houses, overfishing, loss of habitat, humans 
The above refinements provided evidence based improvements that would enhance both 
the quality of data collected (from the kindergarten age children) and its analysis 
informing the effects of WKHWHDFKLQJLQWHUYHQWLRQRQFKLOGUHQ¶VHFROLWHUDF\ 
3.6 Ethics 
Ethical protection of the subjects involved in the current study was managed by strict 
adherence to guidelines from the Human Research Ethics Committee of the Univeristy 
of Sydney and the Strategic Research Directorate of the NSW Department of Education 
and Training (SERAP). Formal approval was gained from both agencies and official 
documents are provided in Appendix E and Appendix F, respectively. Assurance of 
anonymity and confidentiality, informed consent and prevention of disruption were 
particular ethical considerations for this research.  
3.6.1 Anonymity and confidentiality 
Anonymity of the participants was assured by grouping data and not using any real 
names (Cohen, Manion & Morrison 2011). The majority of data was pooled providing 
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group results and pseudonyms were applied and used in the case of individual exemplar 
data. As only two schools were involved, details were generalized to avoid revealing 
unique information. They were referred WRDV µ6FKRRO$¶DQG µ6FKRRO%¶DQGVSHFLILF
information was masked on copies of appended documents (e.g. name of Principal) to 
avoid inadvertent identification.  
3.6.2 Informed consent 
In line with ethical standards all parents/guardians of participants were provided with 
written information about the study outlining the purpose of the research and the nature 
of their requested involvement. Consent was received from the school principals 
(Appendix G) and the parents of the children involved (Appendix H). Although children 
are unable to legally provide consent, there are ways of ensuring that they are involved 
and consulted in the research process (Greig, Taylor & Mackay 2007). The children 
were told that they did not have to complete the drawing activity if WKH\GLGQ¶WZDQWWR
and participation during the lessons of the teaching intervention was voluntary. Further, 
children were asked for their permission to be interviewed and have the conversation 
tape-recorded (see Appendix A). Teachers also signed individual consent forms.  
3.6.3 Prevention of disruption 
As the main participants were children involved in school curriculum programs, the 
interviews times were scheduled in consultation with the class teachers to minimize the 
impact of the research or disruptLRQVWRFKLOGUHQ¶VOHDUQLQJ 
3.7 Limitations 
The current study faces some potential limitations mostly resulting from design 
constraints. The first is the relatively small sample sizes (n=25 children and n=2 
teachers). Whilst not ideal for generating statistically significant quantitative results, the 
small sample did make the collection and analysis of in-depth qualitative data possible. 
A second limitation relates to the study sites, although two schools participated in this 
research, they were geographically close and consequently had similar demographics 
impacting on the generalizability of the data. Thirdly, the researcher was unable to 
control external factors e.g. parental influences on children¶VDWWLWXGHV, prior learning on 
knowledge or experiences children may have found influential between post-tests. 
Finally the non-random sampling technique (as noted previously) is limited by its lack 
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of generalisability. The last two limitations are products of the quasi-experimental 
design, but should still be acknowledged as inherent, but by no means insurmountable 
weaknesses. 
3.8 Chapter summary 
This chapter detailed the methods involved in the current study ± an interpretive, mixed 
methods research design that used clinical interviews and drawings to delve into 
FKLOGUHQ¶V HFROLWHUDF\DQGHIIHFWV RQ WKLV LQ UHVSRQVH WR D WHDFKLQJ LQWHUYHQWLRQEDVHG
around penguins. Data sources comprised both qualitative and quantitative measures 
and analysis methods were described by way of examples. Main subjects were young 
school children in kindergarten. Ethical procedures were outlined and known limitations 
acknowledged.  
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 7HDFKLQJ,QWHUYHQWLRQ 
An intervention was designed and implemented with the aim of improving kindergarten 
FKLOGUHQ¶V HFROLWHUDF\ 7KLV FKDSWHU H[SORUHV WKH IDFWRUV WKDW PDNH DQ LQWHUYHQWLRQ
effective and describes the development of the intervention used in this study.  
4.1 Considerations when designing a teaching 
intervention 
Brown-Chidsey and Steege (2010) outline five teaching practices associated with 
effective interventions and positive educational outcomes for learners (Foorman 2003). 
The five key components are content, delivery, pace, responses and assessment. This 
section describes the five teaching methods and outlines how they were utilized in the 
study. 
4.1.1 Content 
 
A number of studies have shown that when teaching content matches with and 
complements an overall program of study, specific lessons and activities are more 
effective (Carnine 1981, 1989; Carnine & Jitendra 1997).  Specifically, when a lesson is 
matched to the larger set of knowledge and skills that students are expected to learn or 
need to know to progress in the school curriculum, the individual learning content is 
more likely to be mastered by students (Axtell et al. 2009; Fuchs et al. 2006; Gibb & 
Wilder 2002).  Further, the order of lessons is important to consider, as the aim is to 
assist the student to build on prior learning (Bransford, Brown & Cocking 2000; Daly et 
aO  :KLOH LW ZDV QRW IHDVLEOH WR FRQQHFW ZLWK WKH FODVV¶ VSHFLILF FXUULFXOXP
schedule for that year, the teaching intervention did involve a series of lessons that 
UHYROYHGDURXQGWKHWKHPHRIµ3HQJXLQV¶DQGFRPSOHPHQWHGRQHDQRWKHUVRDVWRDVVLVW
the students in becoming knowledgeable about ecological concepts. All of the lessons 
connected to the general school curriculum for the appropriate year level. The lessons 
were ordered so that they introduced simpler concepts first, building up to the 
culmination of bringing concepts together and tackling more complex content. 
4.1.2 Delivery 
 
There are three delivery practices most associated with positive outcomes for students 
(Williams & Carnine 1981). First, the teacher gives a direct and explicit description of 
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the knowledge and/or skills to be learned to the students (Burns, Ganuza & London 
2009). The second delivery practice most associated with positive learning outcomes is 
giving students many and frequent opportunities to rehearse the new knowledge and/or 
skills. The third important delivery practice is to provide students with continuous 
exposure to the content, meaning that the learning materials need to be physically 
present and accessible to the students while they engage in learning activities. 
Additionally, high levels of learner engagement with content have consistently been 
associated with positive learning outcomes for all students (Prince 2004). This strongly 
supports the case for enthusiastic and dedicated delivery of exciting and relevant 
content. For this intervention, at the beginning of each lesson, the learning aims were 
clearly introduced as well as any relevant vocabulary. Throughout the intervention there 
were many opportunities provided for students to repeat and consolidate their 
conceptual knowledge through the use of various teaching and learning strategies. 
Further, the lessons involved many physical and hands-on activities. For example, the 
FRQFHSWRI¶+DELWDW¶ZDVH[SORUHGWKURXJKFODVVGLVFXVVLRQRIDZRUOGPDSREVHUYLQJ
posters of the variety of habitats that penguins live in, and reading books. The lessons 
were led with enthusiasm and every effort was made to involve all of the students. 
Activities were specifically chosen to combine enjoyment and scientific content, for 
maximum student engagement and learning. 
4.1.3 Pace 
 
High-quality lessons that promote student learning attain a pace that is related to the 
content to be taught and the place in the curriculum where the material falls. Knowledge 
and skills in the early part of a program of study will need to be covered more slowly, 
but information contained in later sections of the program can generally be taught at a 
IDVWHUSDFH$OVRWKHDSSURSULDWHSDFHLVGHWHUPLQHGE\VWXGHQWV¶GHYHORSPHQWDOVWDJH
including factors such as ability to sit still and concentrate for extended periods of time. 
As time had been spent with the students before the intervention, during the rapport 
phase, the researcher was aware of any individual needs of students that needed to be 
accounted for. For example, some students were ESL (English as a Second Language), 
requiring instructions to be repeated, simplified or visually demonstrated. As mentioned 
previously, the students were eased into the introduction of concepts and these were 
consolidated as the intervention went on. An issue of teaching young children is short 
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attention spans and distractibility. This was accounted for by scheduling activities that 
were short, fast-paced, and kept the children moving.  
4.1.4 Responses 
 
This component relates to student-teacher interactions during lessons. Specifically, it to 
concerns responses that the students and teachers make to each other that characterize 
HIIHFWLYH LQVWUXFWLRQDO UHVSRQVHV 5HJDUGOHVV RI WKH VWXGHQW¶V DQVZHU LH FRrrect or 
incorrect), teachers need to provide immediate feedback to the student in order to 
maximize effective learning. However it is also important to note that after asking a 
question or posing a discussion topic, the teacher should allow sufficient time for 
students to process and formulate an answer before stepping in with gentle prompts. As 
the intervention introduced several new concepts, there were many times that the 
VWXGHQWV RIIHUHG DQVZHUV WKDWZHUH LQFRUUHFW ,QVWHDG RI SRLQWLQJ RXW WKH FKLOG¶V error 
and immediately providing the correct answer, a group discussion was initiated and the 
researcher offered prompts and suggestions, so that together the class arrived at the 
FRUUHFW UHVSRQVH $V ZLWK WKH LQWHUYLHZV D µZDLW WLPH¶ ZDV HPSOR\HG ZKHQHYHU the 
researcher asked a question or proposed a new idea. The students would usually reply, 
but if there was an extended silence, a prompt was provided or the question repeated 
using different wording. 
4.1.5 Assessment 
 
Effective instruction includes formative assessments as part of the instructional design. 
Formative assessments are those that happen at regular intervals along the way toward a 
specific learning goal. These assessments allow both the student and the teacher to 
determine whether the student is making progress toward the educational goals. 
Although formative assessment data are central to effective instruction, summative data 
(data obtained at the end of an instruction period) are also important because they allow 
the student and the teacher to reflect on whether the student achieved the goals proposed 
in the overall instruction program. When formative and summative assessment data are 
FRPELQHG WKH\ RIIHU FRPSUHKHQVLYH DQG SRZHUIXO LQGLFDWRUV RI VWXGHQWV¶ OHDUQLQJ
progress. Throughout the intervention, students were provided with regular oral 
feedback on their progress. No formal formative assessment was included, since 
students were tested at the end of the three stages of the study (pre-intervention, post-
  68 
intervention, and delayed-post-intervention), thus providing summative data of their 
development. However, students were not notified of their ecoliteracy scores. 
4.2 Development of the intervention for this study 
The intervention in this study used a guided inquiry approach, that is, an attempt to 
replicate the constructive features of science as a set of practices in the design of 
scientific learning environments for children (Brown & Campione 1994; Magnusson & 
Palincsar 1995). Inquiry-based learning supports hands-on and explorative learning 
experiences, encourages curiosity of discovery, develops knowledge and understanding 
of scientific ideas, supports children in using evidence, and acknowledges children as 
natural scientists (Crawford 2007). The learning environment in this study was designed 
to provide the children with opportunities to engage in the practices of scientific 
thinking by constructing, evaluating, refining and reconstructing their conceptual 
NQRZOHGJH  (PSKDVLV ZDV SODFHG RQ DQ LQWHJUDWHG DSSURDFK WR FKLOGUHQ¶V OHDUQLQJ
experiences, and a variety of meaning-making practices were employed for children to 
demonstrate their understanding and learning. 
As discussed in the Literature Review (Chapter 2), an ecoliterate person is one who has: 
the ability to think, function and reason in a scientific way, especially in regards to 
ecological issues; an appreciation and understanding of the connectedness in an 
ecological world; and an awareness of the effects of the interactions between humans 
and the environment (Jordan et al. 2008). With this in mind the teaching intervention 
was designed with a focus on ecological concepts, relationships and human impacts.  
The ecological concepts included habitat, food chains, biodiversity, animal behaviour 
and environmental issues.  
One of the key issues in guided inquiry is to select an investigative context that allows 
FKLOGUHQ WR FUHDWHPHDQLQJIXO NQRZOHGJH 7R HQVXUH WKDW WKH FKLOGUHQ¶V OHDUQLQJZDV
productive, a topic was chosen that was amenable to investigation given the available 
resources and the breadth of the ecological concepts being studied. The theme for this 
guided inquiry was based on the study of penguins. The decision to use penguins as the 
case study animal was based on a review of the literature, and results from the Pilot 
Study. The main reasons are: most five year olds are familiar with penguins (Dixon et 
al. 2005; Samarapungavan, Mantzicopoulos & Patrick 2008); the main teaching 
resource utilized in the intervention, Museum in a Box (Australian Museum 2012), 
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features a box with WKH µ3HQJXLQ¶ WKHPH SHQJXLQV FRYHU DOO WHVWDEOH HFRORJLFDO
FRQFHSWVDQGWKHUHLVDµORFDO¶H[DPSOHWKH/LWWOH3HQJXLQEudyptula minor), which is 
the only species of penguin known to breed in Australia. Other research studies (see 
Dixon et al. 2005; Samarapungavan, Mantzicopoulos & Patrick 2008) also found birds 
to be an ideal animal model in studies with young children as birds are probably the best 
known of all groups of animals. 
4.2.1 Ecological concepts and specific penguin content  
An extensive review of the educational literature (including teaching textbooks, lesson 
plans, other units of work and storybooks) was made in order to become familiar with 
the scope and quality of resources currently available. It was found that most teaching 
resources were outdated, simplistic, and relied heavily on worksheets. They usually 
RYHUVLPSOLILHGVFLHQWLILFFRQFHSWVDQGXQGHUHVWLPDWHGFKLOGUHQ¶VDELOLW\WROHDUQ$VWKLV
study has focused on science as an interactive, hands-on exercise that children can enjoy 
and are wholly capable of, the focus was on using resources that shared this philosophy. 
The ecological concepts that were taught during the intervention, with specific content 
in relation to penguins, provide a measure of ecoliteracy learning as shown in Table 16. 
An extended breakdown of the teaching of the ecological concepts is described in 
Section 4.3.2. 
Table 16: Ecological concepts and content relating to penguins 
Ecological Concept Specific Penguin Content 
Habitat Penguins live only in the Southern Hemisphere. 
They cover a wide range of habitats including ice, ocean, beach, rocks, 
burrow, lava rocks, bushes. 
Food chains Penguins diet consists mainly of fish, krill, plankton and squid. 
Their main predators are the seal, leopard seal, killer whale, and skua 
(natural); dogs and cats (introduced). 
Biodiversity There are 18 species of penguin.  
Penguins coexist with various animals, including their prey, predators, and 
other animals, including humans. 
Animal Behaviour The main behaviours penguins exhibit are preening, feeding, swimming, 
hatching 
Environmental Issues Penguins currently face several environmental threats, including loss of 
habitat, depleted food source due to over-fishing, introduced predators and 
ecological disasters (such as oil spills). 
Possible solutions for such problems are sustainable fishing, appropriate 
care of domestic pets, rescue centres for sick penguins. 
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4.2.2 Teaching and learning activities 
Several key assumptions about the particular age group of the children guided the 
development of the intervention. These assumptions were based on knowledge of young 
FKLOGUHQ¶VGHYHORSPHQWDOFDSDELOLWLHVDQGthe benefits of utilising various teaching and 
learning styles. Table 17 describes how each activity within the intervention catered for 
different learners and addressed the ecological concepts that were tested. 
Table 17. Teaching and learning activities utilised in the intervention 
Activity Learning 
style 
Concepts 
covered 
Function/benefit 
KWL chart Visual 
Aural 
Oral 
- Empowered students in journey of their learning.  
Allowed children to revisit what they had learnt and consolidate 
concepts. 
World map Visual 
Aural 
Oral 
Habitat 
Biodiversity 
Allowed children to discuss where they think the penguins live and 
place a penguin cutout on the map. Provided children with a visual 
representation of where penguins live, emphasising that all species 
inhabit areas below the equator (i.e. in Southern Hemisphere). 
Body map Physical 
Tactile 
Habitat 
Biodiversity 
Reinforced concept of all penguins living in Southern Hemisphere 
and provided for learners who are especially tactile. 
Vocabulary 
work 
Aural 
Oral 
All Empowered learners to correctly and confidently use appropriate 
terminology during their discussions and add to their knowledge. 
Stuffed, real 
penguin 
Physical 
Tactile 
Visual 
- Artefacts can be seen, heard, smelt, touched, felt, thereby bringing a 
multi-sensory analysis to the experience. Also used to stimulate 
discussion. 
Food chain 
felt boards 
Physical 
Tactile 
Visual 
Aural 
Oral 
Food chains 
Biodiversity 
This activity involved partner work and allowed children to 
construct a food chain by manipulating images of organisms on a 
felt board and discussing ideas with one another. 
Class 
discussions 
Aural 
Oral 
Food chains 
Environmental 
issues 
Allowed children to explore their knowledge and understanding by 
sharing and testing ideas with one another. 
Posters Visual 
Verbal 
Habitat  
Env. issues 
Images arouse reflections, information and factual data, prompting 
children to voice their ideas and assist group discussions. 
Storybooks Oral 
Aural 
Visual 
Habitat 
Animal 
behaviour 
Env. issues 
New vocabulary is used in context of the story, provides platform 
for discussion of topic, and supports FKLOGUHQ¶VGHYHORSPHQWRI
thinking skills and imagination. 
Drama Physical 
Tactile 
Animal beh. 
Food chains 
Encouraged children to connect and explore content on an 
emotional and cognitive level. 
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4.2.3 Cross-curriculum links 
As discussed in the Literature Review (Chapter 2), part of the reason why science is 
considered to be taught poorly at the primary school level is a lack of teacher 
confidence in teaching science (Appleton 1995; Harlen & Qualter 2009; Palmer 2001; 
Yates & Goodrum 1990). As most primary teachers are generalists and have no science 
discipline studies beyond Year 12 (Hackling & Prain 2005), the intervention was 
designed to allow primary teachers to feel comfortable and confident in teaching 
science in their classroom. The teaching intervention incorporates outcomes from the 
Science and Technology (S&T) and Human Society and Its Environment (HSIE) NSW 
K-6 syllabus. The activities included in the intervention were designed to assist students 
in achieving outcomes for the S&T syllabus in the Living Things and Built 
Environments Strands, and in the Learning Processes strand of Investigating.  For 
HSIE, the intervention covered the Environments Strand. Table 18 presents the 
Outcomes that are covered in this intervention. 
Table 18. Cross-curriculum links incorporated into the intervention 
KLA Stage Outcome  
Science and 
Technology 
ES1 LTES1.3 
Identifies ways in which living things are different and have different needs. 
S1 LTS1.3 
Identifies and describes ways in which living things grow and change. 
S2 LTS2.3 
Identifies and describes the structure and function of living things and ways in which 
living things interact with other living things and their environment 
S3 LTS3.3 
Identifies, describes and evaluates the interactions between living things and their 
effects on the environment. 
HSIE ES1 ENES1 
Gathers information about natural and built environments and communicates some of 
the ways in which they interact with, and can care for, these environments. 
S1 ENS1.6 
Demonstrates an understanding of the relationship between environments and people. 
S2 ENS2.6 
'HVFULEHVSHRSOH¶VLQWHUDFWLRQVZLWKHQYLURQPHQWVDQGLGHQWLILHVUHVSRQVLEOHZD\VRI
interacting with environments 
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KLA Stage Outcome  
S3 ENS3.5 
Demonstrates an understanding of the interconnectedness between Australia and global 
environments and how individuals and groups can act in an ecologically responsible 
manner. 
ENS3.6 
Explains how various beliefs and practices influence the ways in which people interact 
with, change and value their environment. 
All Key Learning Areas (KLAs) have values and attitudes incorporated into their 
syllabus documents. These values are a mandatory part of the syllabus, and are common 
across all Stages. The values from the NSW K-6 Syllabus that are incorporated into the 
intervention are shown in Table 19. 
Table 19. Values and attitudes from the NSW K-6 syllabus incorporated into the intervention 
KLA Value & Attitude Description 
Science and 
Technology 
VA2 Exhibits curiosity and responsiveness to scientific and 
technological ideas and evidence 
VA5 Works cooperatively with others in groups on scientific and 
technological tasks and challenges 
VA6 Shows informed commitment to improving the quality of society 
and the environment through science and technology activities 
VA7 Appreciates contributions made by individuals, groups, cultures 
and communities to scientific and technological understanding 
HSIE EA1 $SSUHFLDWLQJWKHHQYLURQPHQWRQH¶VSHUVRQDOUHODWLRQVKLSZLWKLW
and RQH¶VUHVSRQVLELOLW\IRULWVIXWXUH 
EA2 Recognising the interdependence of people and the environment 
EA3 Showing commitment to ecologically sustainable development 
and lifestyles 
EA4 Being environmentally responsible  
4.2.4 Environmental Education Policy for Schools document 
The Environmental Education Policy for Schools is mandatory for all NSW government 
schools from kindergarten to Year 12. The Policy (New South Wales Department of 
Education and Training [NSW DET] 2001, p.8) is designed to support schools in 
developing environmental education programs that: 
     «HTXLSVWXGHQWVZLWKWKHXQGHUVWDQGLQJVDQGVNLOOVUHTXLUHGIRUDFWLYHDQG 
     informed participation in managing the environment. Most importantly, the    
     policy aims to produce students who understand the importance of caring for  
     WKHHQYLURQPHQWDQGPLQLPLVLQJVRFLHW\¶VLPSDFWRQWKHHQYLURQPHQWLQRUGHU 
     to secure a better quality of life for present and future generations. 
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The Policy also supports the cross-curriculum approach that is used in this teaching 
LQWHUYHQWLRQVWDWLQJLQWKHGRFXPHQWWKDWVFKRROVDUHH[SHFWHGWR¶LQWHJUDWHWKHWHDFKLQJ
RIHQYLURQPHQWDOHGXFDWLRQ WRSLFVDQG LVVXHV WRVXSSRUWRXWFRPHV LQRWKHUV\OODEXVHV¶
(NSW DET 2001, p.12). For primary schools, this means integrating the Policy through 
Key Learning Areas (KLAs) that have specific environmental education outcomes, such 
as HSIE and Science and Technology, as well as other KLAs such as English, 
Mathematics and Creative Arts.  
The intervention incorporates objectives from the Policy to assist teachers in fulfilling 
the mandatory requirements. The objectives of the Environmental Education Policy 
used in this intervention are outlined in Table 20.  
Table 20. Environmental Education Policy objectives incorporated into the intervention 
Objective Description Code 
Knowledge 
Students will 
develop 
knowledge and 
understandings 
about: 
The nature and function of ecosystems and how they are interrelated  
The impact of people on environments  
The role of the community, politics and market forces in environmental 
decision-making  
The principles of ecologically sustainable development  
Career opportunities associated with the environment  
 
(K1) 
(K2) 
 
(K3) 
(K4) 
(K5) 
Skills 
Students will 
develop skills 
in: 
Applying technical expertise within an environmental context  
Identifying and assessing environmental problems  
Communicating environmental problems to others  
Resolving environmental problems  
Adopting behaviours and practices that protect the environment  
Evaluating the success of their actions  
(S1) 
(S2) 
(S3) 
(S4) 
 
(S5) 
(S6) 
Values 
Students will 
develop values 
and attitudes 
relating to: 
A respect for life on Earth  
An appreciation of their cultural heritage  
A commitment to act for the environment by supporting long-term solutions 
to environmental problems  
(V1) 
(V2) 
 
(V3) 
4.2.5 Integration of the Quality Teaching Framework 
7KHµDXWKHQWLFSHGDJRJ\¶PRYHPHQW 1HZPDQQ	$VVRFLDWHV1HZPDnn 2000) 
articulated three broad criteria for authentic intellectual work: 
  74 
1) Construction of knowledge: manipulating knowledge through analysis, 
interpretation, synthesis and evaluation, rather than only simply reproducing 
knowledge; 
2) Disciplined inquiry: gaining in-depth understanding of limited topics, rather 
than a shallow look at many; and 
3) Value beyond school: the production of discourse, products, and 
performances that have personal, aesthetic, or social significance beyond 
demonstration of success to a teacher (Newmann 2000, p.2). 
1HZPDQQ¶V UHVHDUFK KDV EHHQ DGDSWHG WR DQ $XVWUDOLDQ FRQWH[W DQG DUWLFXODWHG IRU
schools in New South Wales as the Quality Teaching model (NSW DET 2003a; 2003b). 
7KLVPRGHOµLGHQWLILHVJHQHULFTXDOLWLHVRISHGDJRJ\WKDWKave been successfully applied 
LQ D UDQJH RI VFKRRO FRQWH[WV DQG DUH VKRZQ WR OHDG WR LPSURYHG VWXGHQWV OHDUQLQJ¶
(NSW DET 2003a, p.5). The teaching intervention was designed to align with the 
Quality Teaching Framework (QTF) and Table 21 lists the elements of the QTF that 
have been used throughout the lesson plans. 
Table 21. Elements of the Quality Teaching Framework incorporated into the intervention 
Dimension Element Code 
Intellectual Quality Deep Knowledge (DK) 
Deep Understanding (DU) 
Problematic Knowledge (PK) 
Higher-order Thinking (HOT) 
Metalanguage (M) 
Substantive Communication (SC) 
Quality Learning Environment Explicit quality criteria (EQC) 
Engagement (E) 
High expectations (HE) 
Social Support (SS) 
6WXGHQWV¶VHOI-regulation (SSR) 
Student direction (SD) 
Significance Background Knowledge (BK) 
Cultural Knowledge (CK) 
Knowledge Integration (KI) 
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Dimension Element Code 
Inclusivity (I) 
Connectedness (C) 
Narrative (N) 
4.3 The lessons 
Four lesson plans were written to guide the researcher in implementing the teaching 
intervention (Appendix I). They are designed to be used by primary school teachers and 
can be adapted to suit individual classes and student needs. This section explains how to 
read the lesson plans, and outlines the flow between them.  
4.3.1 Explanation of a lesson plan 
Figure 5 shows the first lesson plan, annotated to highlight key sections. Starting from 
the top, the Lesson Title indicates which ecological concepts are covered. The Lesson 
Aim describes the main focus of the lesson and provides the teacher with a clear 
indication of what should be achieved during the lesson. The Outcomes and Values and 
Attitudes refer to the curriculum links covered in the lesson. The EEP lists the 
objectives of the Environmental Education Policy that are addressed, and the QTF lists 
the elements of the Quality Teaching Framework covered in the lesson. The Resources 
section outlines the materials the teacher needs to assemble prior to starting the lesson. 
Vocabulary lists the words and their associated meanings that students will need to be 
familiar with in order to participate in the lesson. The bottom half of the lesson plan 
provides a step-by-step guide for the teacher to conduct the lesson. It lists the activity, 
what is expected of the teacher and the students, the key concepts that should be 
covered, the resources needed at each step, and the estimated amount of time required.
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Figure 5: Annotated lesson plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activity Teacher Students Key Concepts Resources Time 
KWL 
chart 
 
- Lead class discussion on what  
  students know (K) and want to  
  know (W) about penguins 
- Share what they know and want to   
   know about penguins 
! teacher gathers students¶ pre-
existing knowledge (K) and 
students can direct future 
learning (W) 
! butchers 
paper  
! marker 
5 
World 
map work 
- Introduce images of different  
  types of penguins (diversity) 
 
- Put images in correct positions  
  and discuss (habitat) 
 
- Discuss spp. they know & learn 
about new ones 
- On world map, identify key areas that 
ch¶n mentioned in Pilot (Australia, 
North Pole, Antarctica) 
-  Volunteers stick penguin images on 
map where they think they live 
! all in Southern Hemisphere 
! not just Antarctica 
! 1 spp. In Australia 
! generally live/nest in remote 
areas (to avoid land predators) 
! spend up to 75% of time in sea 
therefore live near sea 
! world map 
! penguin     
! images 
10 
Body 
map 
- Have students stand and pretend       
  they are a world map 
- Instruct them to put their hands   
  on their waist. Their waist is the  
  equator 
- Ask students to tap themselves  
  where various penguin species   
  live 
Q - Where is the North Pole?  
      (top of  head)  
Q - Where is the South Pole? (toes) 
Q - Where does this penguin live? 
       (Galapagos ± left hip, 
        Emperor ± feet, 
        Rockhopper ± left knee,  
        Little ± right knee) 
!  physical reinforcement that all 
penguins live in Southern 
Hemisphere and in various 
places 
N/A 10 
 
Lesson 1 
Lesson Title Introduction, Diversity & Habitat 
Lesson Aim To gather pre-existing class knowledge of penguins and to introduce diversity of penguin species and where they live 
Outcomes  Science & Technology: LTES1.3 
HSIE: ENES1 
Values & Attitudes Science & Technology: VA5 
HSIE: EA1 
EEP K1, V1 
QTF DK, DU, M, E, HE, SD, C 
Resources World map, penguin images, butchers paper, marker 
www.penguinworld.com/types/map.php (Antarctica-centred map that shows distribution of all 17 spp. of penguin) 
Vocabulary Southern Hemisphere: the half of the Earth south of the equator 
Equator: imaginary/pretend line going around the middle of the Earth, separating the Northern and Southern hemispheres 
Antarctic: south polar region 
Arctic: north polar region 
Lesson 
number 
Resources 
needed for 
each 
activity 
Time 
suggested 
for each 
activity 
Outcomes 
addressed in 
this lesson 
Values & 
attitudes 
addressed in 
this lesson 
Vocabulary 
needed for 
this lesson 
Breakdown 
of activities 
in the 
lesson 
Steps indicating what the 
teacher needs to do during 
the lesson 
Steps indicating what the 
students need to do during 
the lesson 
Key concepts 
that relate to 
each activity 
Resources 
needed for 
the entire 
lesson Elements of the 
Quality Teaching 
Framework 
addressed in this 
lesson 
Objectives of the 
Environmental 
Education Policy 
addressed in this 
lesson 
Main focus 
of the lesson 
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4.3.2 The lesson plans 
This section outlines the various activities involved in the lesson plans and 
explains the flow between them. Lesson 1 introduced the teaching intervention 
and the concepts of biodiversity and habitat. Firstly, a KWL chart was undertaken 
with both cODVVHV.:/VWDQGIRUµZKDWZHkQRZ¶µZKDWZHwant WRNQRZ¶and 
µZKDWZH KDYH lHDUQW¶. Immediately prior to the teaching intervention, children 
were asked about what they know and would like to know about penguins and 
WKHLUFRPPHQWVZHUHOLVWHGRQEXWFKHU¶VSDSHU7KLVDOORZHGWKHUHVHDUFKHUWRJDLQ
DQXQGHUVWDQGLQJRIWKHFKLOGUHQ¶VJHQHUDOSUH-existing knowledge about penguins 
and to warm them up for the rest of the lesson. A preserved specimen of the Little 
Penguin was introduced to the children and passed around to allow opportunity 
IRUH[SORUDWLRQ<RXQJFKLOGUHQ¶VOHDUQLQJLVFKDUDFWHULVHGE\DWDFWLOHDSSURDFK
they like to handle objects and investigate their properties. While primary teachers 
often use a hands-on approach to learning, their choices are likely to be 
constrained by practical factors such as available resources and how easy they are 
to use in an ordinary classroom (Appleton 2002). Artefacts, which may include 
equipment, display materials, pictures, maps, smart boards, science materials, etc., 
have been shown to be useful in educational research (E.g. Francis 2010). 
Artefacts can be seen, heard, smelt, touched, felt, even tasted and heard, so the 
researcher brings a multi-sensory experience that can be used to stimulate 
discussion.  
The ecological concept of habitat was then introduced, with the key message 
being that all penguins live in the Southern Hemisphere, whilst emphasizing that 
they do not only live in Antarctica. A large world map was used to assist the 
children in identifying different regions where penguins live. Building on 
FKLOGUHQ¶V NQRZOHGJH RI FRPPRQO\ NQRZQ SHQJXLQV VXFK DV WKH (PSHURU
students were taught the names of all 17 species of penguin and shown where they 
live. While the Emperor, Adelie, Chinstrap, Gentoo and Macaroni penguins do 
reside in Antarctica, the 17 species of penguin, as a whole, inhabit a diverse range 
of habitats, including beach, desert, bushes, lava rocks and roads. As penguins 
spend up to 75% of their time in the sea, a commonality is that they always live 
near a water source. However, once on land, they generally nest in remote areas to 
avoid land predators. By exploring the variety of habitats that penguins reside in, 
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the concept of biodiversity was also introduced through the discussion of different 
species of penguins. To reinforce these concepts, the children completed another 
activity whereby they used their own body as a world map and pointed out where 
different penguins live. 
Lesson 2 focused on the ecological concept of food chains, that being a series of 
successive feeding relationships beginning with a producer and followed by 
primary, secondary and tertiary consumers. A food web is a complex set of 
interwoven food chains. During the intervention, the students were taught that 
SHQJXLQV¶ SUH\ LQFOXGHV Iish, squid, krill, and plankton, and that penguins have 
both natural predators (sharks, leopard seals, killer whales, skuas) and introduced 
predators (dogs, cats) (see Lesson 2). In pairs, the children constructed a food 
chain for the Little Penguin using a felt board and images of the organisms 
involved. As a class, the students discussed possible consequences of a break in 
the food chain, such as eliminating fish (over-fishing) or adding foxes 
LQWURGXFLQJ D SUHGDWRU 7KH\ DOVR SDUWLFLSDWHG LQ D GLVFXVVLRQ RQ KXPDQV¶
position in the penguin food chain in terms of their role played in either disrupting 
or maintaining the balance.  
The third lesson concentrated on the Little Penguin. Not only did this provide the 
children with a local species, it also reinforced the fact that penguins do not just 
LQKDELW FROG LF\ DUHDV :KLOH VWXGHQWV ZHUH H[SRVHG WR SHQJXLQV¶ EHKaviours 
throughout the intervention, the particular behaviours of the Little Penguin in a 
typical 24-hour day were emphasized in Lesson 3. After reading the storybook, 
The Penguin That Walks At Night (Reilly 1995), the children engaged in a 
participatory stimulation of a re-enactment of the story. The children played a 
game where they pretended to be the Little Penguins in the book. The children 
went hunting, simulating the behaviours of swimming and fishing. They then 
waddled back to shore after a day of fishing and, in their pairs, formed a rookery. 
They then dug a hole, made a nest and laid two eggs (typical breeding behaviour 
of the Little Penguin). Participatory stimulation derives some of its benefits from 
the fact that it serves as a form of embodied play where children use their bodies 
and movements to enact a scene or situation. In this case, they were enacting the 
behaviours of Little Penguins coming onto shore to nest after a day of fishing. 
This is an activity that young children are quite competent at, are familiar with 
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from an early age, and which is closely tied to the development of symbolic 
representation (Nicolopoulou 1993; Piaget 1952). The educational use of drama 
has the potential to connect with people both emotionally and cognitively, 
resulting in people taking a personal interest in issues and wanting to effect 
change. Roleplay involves multi-level communication and is capable of 
LQIOXHQFLQJSDUWLFLSDQWV¶DWWLWXGHVDQGHPRWLRQVZKLOVWVLPXOWDQHRXVO\SURPRWLQJ
higher order cognitive skills and personal, active involvement in learning. Role-
playing facilitates student participation in active learning (Kerr, Troth & Pickering 
2003) and is a fun and motivating activity for students (Isenberg & Jalongo 2006).  
One of the reasons that sociodramatic play of this kind is such a powerful tool for 
learning is because in play, there is both an imaginary situation, and a rule set 
(Vygotsky 1978). As they play, children explore the underlying rules of the 
system. In the current study, the rules that the children were exploring related to 
the specific behaviours of penguins, and how they interact with one another. This 
DFWLYLW\ZDVXVHGSULPDULO\WRDOORZWKHFKLOGUHQWRHPERG\SHQJXLQV¶EHKDYLRXUV
and reinforce the behaviours exhibited in the story. It was also an opportunity to 
utilise a different teaching and learning technique whereby children that are more 
inclined to express themselves through movement and drama were given a chance 
to show their competence. It is important to allow opportunities for other such 
OHDUQLQJVW\OHVDVWKHVWDQGDUGµFKDONDQGWDON¶PHWKRGORVHVFKLOGUHQWKDWDUHQRW
inclined to learn from this method alone, and also students who have a limited 
understanding of the English language. Incorporating role-playing in classrooms, 
and especially during science lessons, develops deeper student understanding of 
concepts, increases student motivation, and assists learning across a range of 
ability levels (Aubusson et al. 1997; Livingstone 1999). It also encourages 
creativity and the iQQRYDWLYHXVHRIFKLOGUHQ¶VLPDJLQDWLRQVKind & Kind 2007). 
The fourth and final lesson covered the concept of environmental issues, which is 
the culmination of the teaching intervention, requiring children to consolidate and 
apply the ecological knowledge they had gained so far, and extending it by 
considering threats that penguins face, and possible solutions to their problems. 
Through a series of posters, storytelling and class discussions, children were 
exposed to a variety of environmental issues faced by the Little Penguin, 
including overfishing, introduced predators, littering and oil spills. To conclude 
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the lesson and the intervention, the class revisited their KWL chart and completed 
the final column ± what they had learnt. This allowed the children to witness for 
themselves how far they had come since the beginning of the intervention, and the 
extent to which their knowledge had grown. 
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 5HVXOWV 
This chapter reports the findings from the analysis of the research data. It begins 
with results from a class group discussion to elicit prior knowledge of the 
students.  
It is followed by an outline of the FKLOGUHQ¶V VSHFLILF ideas about penguins, 
divided up by stage of the study and by the ecological concept being tested in 
order to determine differences in knowledge and understanding of each 
component concept. 1H[W WKHJURXS¶VHFROLWHUDF\LVUHYLHZHGDW WKHWKUHHVWDJHV
of the study to H[DPLQH GHYHORSPHQW RI FKLOGUHQ¶V RYHUDOO HFRORJLFDO
understanding in relation to the Intervention. The chapter ends with an overview 
RIWKHWHDFKHUV¶YLHZVRQWKHLQWHUYHQWLRQ to provide feedback and extra insights 
LQWRFKLOGUHQ¶VFRQWLQXHGOHDUQLQJ 
&KLOGUHQ¶VJHQHUDOLGHDVDERXWSHQJXLQV 
7KLV VHFWLRQ SURYLGHV GDWD RQ FKLOGUHQ¶V JHQHUDO LGHDV DERXW SHQJXLQV DW WZR
stages of the study ± immediately before and immediately following the 
intervention. Raw data comprised a KWL chart recording responses during a 
whole class discussion. Data from the two classes were combined to produce 
group data. Ideas were used to determinH WKH JURXS¶V SUH-existing general 
knowledge about penguins; find out what they would like to know about 
penguins; and establish what children learnt about penguins as a result of the 
intervention. Figure 6 VKRZV FKLOGUHQ¶V UHVSRQVHV WR WKH TXHVWLRQ ³:KDW do we 
NQRZDERXWSHQJXLQV"´ 
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Figure 6. &KLOGUHQ¶VLGHDVDWSUH-intervention ± what they already know 
&KLOGUHQ¶VSUH-existing ideas were categorized according to ecological concepts, 
the most frequent being food chains (n=7), animal behaviour (n=6), and habitat 
Q  )RRG FKDLQ UHODWHG LGHDV LQFOXGHGFKLOGUHQ OLVWLQJ DQXPEHURISHQJXLQV¶
predators and only a single prey item; animal behavior topics related to the 
different ways they can move; and habitat ideas were narrowly descriptive of 
climate i.e. cold place and geographical location e.g. South Pole. Habitat ideas 
also included two alternate conceptions, being that penguins live in igloos and 
where Santa lives. One idea was separated because it incorporated both concepts 
of food chains (eating fish) and animal behaviour (hunting). An additional idea 
involving an anthropomorphic notion of penguins dancing was classified as 
µRWKHU¶EHFDXVHLWZDVXQFRGHDEOHRQWKHHFROLWHUDF\VFDOH(YLGHQWO\FKLOGUHQKDG
more than a basic knowledge and understanding of penguin ecology prior to the 
teaching intervention. This analysis provides crude evidence that the children 
commenced this study with a low level of ecoliteracy about penguins. Figure 7 
VKRZV FKLOGUHQ¶V UHVSRQVHV WR WKH TXHVWLRQ ³:KDW GR ZH ZDQW WR NQRZ DERut 
SHQJXLQV"´ 
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Figure 7. &KLOGUHQ¶VLGHDVDWSUH-intervention ± what they want to know 
&KLOGUHQ¶V DUHDV RI LQWHUHVW ZHUH DOVR FDWHJRUL]HG DFFRUGLQJ WR HFRORJLFDO
FRQFHSWV 7KH PRVW IUHTXHQW EHLQJ DQLPDO EHKDYLRXU Q  DQG µRWKHU¶ Q 
,QWHUHVW LQ SHQJXLQV¶ EHKDYLRXU DJDLQ UHODWHG WR JHQHUDO PRYHPHQW ZKLOH WKH\
also wanted to know about the process of egg hatching and what penguins would 
OLNH WR GR 7KH µRWKHU¶ UHVSRQVHV ZKLOH XQFRGHDEOH RQ WKH HFROLWHUDF\ VFDOH
FOHDUO\UHODWHWRSHQJXLQV¶VWUXFWXUHDQGIXQFWLRQ7KHUHZDVVRPHLQWHUHVWLQIRRG
chains (n=2) whereby the children, having established that penguins eat fish, 
wanted to learn why and what else constitutes their diet. Two more responses 
incorporated both concepts of food chains and animal behaviour, relating to their 
prey and predation. Other queries related to habitat, combined habitat/animal 
behaviour and environmental issues. This analysis shows that children possess a 
strong curiosity about penguins, encompassing many ecological concepts and a 
ZLGHUDQJHRITXHULHV&KLOGUHQZHUHPRVWFRQFHUQHGZLWKSHQJXLQV¶EHKDYLRXU
indicating an area that could be utilized in the development of curriculum 
materials. Figure 8 VKRZV FKLOGUHQ¶V UHVSRQVHV WR WKH TXHVWLRQ ³:KDW KDYH ZH
OHDUQWDERXWSHQJXLQV"´ 
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Figure 8. &KLOGUHQ¶VLGHDVDWSRVW-intervention ± what they have learnt 
&KLOGUHQ¶V ideas that were collected after the intervention were organized into 
ecological concepts. The most common ecological concepts being habitat (n=9) 
and biodiversity (n=9). Food chains also scored highly (n=7), while environmental 
issues (n=4) and animal behaviour (n=1) were the least frequently mentioned. 
Habitat ideas included children moving on from thinking that penguins only live 
in cold places (at pre-intervention) to listing many different habitats and 
understanding the concept that they all live in the Southern Hemisphere. While the 
group at pre-intervention did not mention biodiversity, at post-intervention 
children grasped the notion of diversity amongst penguins, both in size and 
VSHFLHV7KHUHZDVQRPHQWLRQRISHQJXLQV¶SUHGDWRUVGHVSLWHWKLVEHLng a popular 
concept at the beginning of the study. Instead, children focused their food chain 
LGHDV RQ SHQJXLQV¶ SUH\ :KLOH HQYLURQPHQWDO LVVXHV ZHUH DEVHQW DW SUH-
intervention, when asked what they had learnt about penguins, children recalled 
two environmental issues and their appropriate solutions. Children extended their 
knowledge and understanding of penguin ecology after the teaching intervention. 
Their ideas spanned all of the ecological concepts covered in the study, and 
improved both in terms of the number of responses given and the quality and 
DFFXUDF\ RI WKH UHVSRQVHV 7KLV DQDO\VLV SURYLGHV HYLGHQFH WKDW FKLOGUHQ¶V
ecoliteracy increased after the teaching intervention.  
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These preliminary measures are based on the result from a whole class discussion 
DQGPD\QRWEHUHSUHVHQWDWLYHRIFKLOGUHQ¶VOHDUQLQJDWDQLQGLYLGXal level. More 
extensive data at this level are presented in the next section. 
&KLOGUHQ¶VVSHFLILFLGHDVDERXWSHQJXLQV 
This section provides data on FKLOGUHQ¶Vspecific ideas about penguins at the three 
different stages of the study ± pre-intervention, post-intervention and delayed 
post-intervention. Raw data comprised three drawings and three interviews from 
DOO  FKLOGUHQ ,GHDV JDUQHUHG IURP LQGLYLGXDO FKLOGUHQ¶V GHVFULSWLRQV Rf their 
drawings and their interview responses were pooled to generate group data. These 
ideas provide evidence of knowledge, alternate conceptions and level of scientific 
understanding about penguins across the study. Data are presented according to 
the ecological concept being investigated: habitat, food chains, biodiversity, 
animal behaviour and environmental issues. 
5.2.1 Pre-Intervention 
7KLVVHFWLRQSURYLGHVDGHVFULSWLRQRIWKHJURXS¶VQ SUH-existing knowledge 
about penguins prior to implementation of the teaching intervention. The 
responses are presented in order of highest to lowest frequency. 
5.2.1.1 Habitat 
Table 22 presents chiOGUHQ¶V LGHDV about habitat from responses to the question 
³:KHUHGRSHQJXLQVOLYH"´ 
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Table 22. &KLOGUHQ¶VLGHDVDERXWKDELWDWDWSUH-intervention 
 
 
³:KHUHGRSHQJXLQVOLYH"´ 
Responses 
Frequency % 
Ice 21 84 
Snow 11 44 
Water/ocean/sea 11 44 
Cold 9 36 
South Pole/bottom of the world/under equator 7 28 
North Pole/top of world* 5 20 
Igloos* 3 12 
Other countries (England, America, Japan, Ireland, Greenland, Thailand)* 3 12 
Antarctica 2 8 
Where Santa lives* 2 8 
Burrows/holes 1 4 
Lava/volcano rocks 1 4 
Caves 1 4 
Lake 1 4 
Total number of ideas 14  
Total number of responses 78  
*denotes incorrect answer 
Prior to the teaching intervention, the majority of children (84%) thought 
penguins lived in or on the ice. Fewer than half thought they lived: in the snow 
(44%); water/ocean/sea (44%); or in a cold place (36%). Fewer children (28%) 
specifically stated South Pole/bottom of the world/under equator. In contrast, one 
fifth of children (20%) thought they lived at the North Pole/top of the world. Few 
children provided responses that included alternate conceptions: igloos (12%); 
other countries (England, America, Japan, Ireland, Greenland, or Thailand) 
(12%); Antarctica (8%); or where Santa lives (8%). Individual children stated: 
burrows/holes; lava/volcano rocks; caves; or lakes. Despite the alternate 
conceptions and emphasis on penguins living in cold places the children provided 
responses indicating diversity in habitat structures, demonstrating a basic level of 
ecoliteracy in regards to conceptual knowledge and understanding of habitat. 
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5.2.1.2 Food Chains 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI IRRG FKDLQV ZHUH JDLQHG LQ
response to two questions, ³ZKDW GR SHQJXLQV HDW"´ and ³ZKDW HDWV SHQJXLQV"´ 
(Tables 23 and 24).  
Table 23. &KLOGUHQ¶VLGHDV DERXWSHQJXLQV¶SUH\DWSUH-intervention 
 
 
³:KDWGRSHQJXLQVHDW´ 
Responses 
Frequency % 
Fish 19 76 
Ice/snow 5 20 
Meat/chicken 4 16 
Water 4 16 
Penguin food 2 8 
Squid 1 4 
Slugs* 1 4 
Fruit* 1 4 
Eels* 1 4 
Seals* 1 4 
Octopus* 1 4 
Total number of ideas 11  
Total number of responses 40  
*denotes incorrect answer 
The dominant response provided by over three quarters of the children was that 
penguins eat fish (76%). This shows that a significant number of children were 
knowledgeable about a common food source for penguins. A small number of 
children answered: ice/snow (20%); water (16%); meat/chicken (16%); and 
penguin food (8%). While it can be attested that penguins require water to survive, 
LW LVQRWDSUH\ LWHPDVVXFK)XUWKHU WKHXVHRI WHUPVVXFKDV µPHDW¶ µFKLFNHQ¶
DQG µSHQJXLQ IRRG¶ VXJJHVWV WKH FKLOGUHQZHUH DSSO\LQJ JHQHULF ODEHOV DV WKH\
GLGQ¶WNQRZDQ\VSHFLILFSUH\ Individual responses included one correct answer, 
squid and five incorrect suggestions: slugs, fruit, eels, seals and octopus. While 
the majority of children cited fish as penguin prey, the large number of alternate 
conceptions indicates that they collectively have a low ecoliteracy level in regards 
to prey in penguin food chains. 
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Table 24. &KLOGUHQ¶VLGHDV DERXWSHQJXLQV¶SUHGDWRUVDWSUH-intervention 
 
*denotes incorrect answer 
The most commonly cited predators were shared between the factually incorrect 
notion that big cats (lions/tigers/jaguars) (32%) eat penguins and the correct ideas 
that sharks (28%) and various birds (birds/big birds/eagle/pelican) (28%) eat 
penguins. Fewer children said: whales (16%); sea lion/lion seal (n=4); snow 
leopard/snow lion (12%); seals (8%); leopard seals/sea leopard (8%); and octopus 
(8%). IQGLYLGXDOFKLOGUHQ¶V UHVSRQVHV LQFOXGHGSRODUEHDUVGROSKLQV FURFRGLOHV
GLQRVDXUV³ELJWKLQJVWKDWOLYHLQWKHVHD´DQG³QRWKLQJ´:KLOHFKLOGUHQSURYLGHG
a large number of ideas about penguin predators (n=15), many were incorrect, 
indicating a low ecoliteracy level in regards to predators in penguin food chains. 
 
³:KDWHDWVSHQJXLQV"´ 
Responses 
Frequency % 
Lions/tigers/jaguars* 8 32 
Sharks 7 28 
Birds/big birds/eagle/pelican 7 28 
Whales/killer whales/orcas/blue whales/humpback whales 4 16 
Sea lion/lion seal 4 16 
Snow leopard/snow lion* 3 12 
Seals 2 8 
Leopard seals/sea leopard 2 8 
Octopus* 2 8 
Polar bears* 1 4 
Dolphin 1 4 
Crocodiles* 1 4 
µBig things that live in the sea¶ 1 4 
Dinosaur* 1 4 
Nothing* 1 4 
Total number of ideas 15  
Total number of responses 45  
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5.2.1.3 Biodiversity 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI ELRGLYHUVLW\ ZHUH JDLQHG E\
DVNLQJ ³:KDW RWKHU DQLPDOV OLYH ZLWK SHQJXLQV"´ 7DEOH  SUHVHQWV FKLOGUHQ¶V
ideas about biodiversity in regards to penguins. 
Table 25. &KLOGUHQ¶VLGHDVDERXWELRGLYHUVLW\DWSUH-intervention 
 
 
³:KDWRWKHUDQLPDOVOLYHZLWKSHQJXLQV"´ 
Responses 
Frequency % 
Fish 7 28 
Seals 7 28 
Polar bears* 6 24 
Leopard seal/sea leopard 5 20 
Sea lion/lion seal 5 20 
Sharks 4 16 
Whales/orca/killer whale 3 12 
Other penguins/Little penguins/Emperor/baby penguins 3 12 
Dolphins 2 8 
None* 2 8 
Birds/skua 1 4 
Santa* 1 4 
Snow bear/snow cat/snow leopard* 1 4 
People/humans 1 4 
Octopus* 1 4 
µ6HDFUHDWXUHV¶ 1 4 
Total number of ideas 16  
Total number of responses 50  
*denotes incorrect answer 
The most frequent responses to which animals live with penguins were: fish 
(28%); seals (28%); polar bears (24%); leopard seal/sea leopard (20%) and sea 
lion/lion seal (20%). This indicates a good understanding of creatures that share 
the sea with penguins. That polar bears and penguin cohabit is a common 
misconception, made not only by children. A few children also correctly cited: 
sharks (16%); whales (12%); other penguins (12%) and dolphins (8%).  Two 
children stated that no other animals live with penguins (8%), which indicates a 
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SHUFHSWLRQ RI WKH SHQJXLQ OLYLQJ LQ LVRODWLRQ ,QGLYLGXDO FKLOGUHQ¶V UHVSRQVHV
includHG WKH FRUUHFW LGHDV RI ELUGVVNXD SHRSOHKXPDQV DQG µVHD FUHDWXUHV¶ DV
well as the false ideas of Santa, snow bear/snow cat/snow leopard, and octopus. 
The majority of ideas of cohabiting animals provided by children were correct, 
indicating that they have a good ecoliteracy level in regards to penguin 
biodiversity. 
5.2.1.4 Animal Behaviour 
&KLOGUHQ¶VLGHDVDERXW the ecological concept of animal behaviour were identified 
from the coding of their drawings and general interview responses rather than in 
response to a specific interview question.  Table 26 SUHVHQWV FKLOGUHQ¶V LGHDVRI
behaviours exhibited by penguins. 
Table 26. &KLOGUHQ¶VLGHDVDERXWSHQJXLQEHKDYLRXUDWSUH-intervention 
 
Behaviours 
Responses 
Frequency % 
Hunting 8 32 
Swimming 7 28 
Walking 6 24 
Eating 4 16 
Diving 4 16 
Laying eggs 2 8 
Sliding 1 4 
Huddle for safety 1 4 
Sleeping 1 4 
Egg care/hatching eggs 1 4 
Playing 1 4 
Total number of ideas 11  
Total number of responses 36  
The most common behaviour provided depicted penguins hunting (32%), 
followed closely by swimming (28%) and walking (24%). A few children 
portrayed penguins: eating (16%); diving (16%); and laying eggs (8%). Individual 
children represented penguins: sliding; huddling for safety; sleeping; hatching 
eggs; and playing. Every behavioural idea provided was correct, indicating that 
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FKLOGUHQ¶VNQRZOHGJHDQGXQGHUVWDQGLQJLQUHJDUGVWRSHQJXLQEHKDYLRXULVKLJK
on the ecoliteracy scale. 
5.2.1.5 Environmental Issues 
&KLOGUHQ¶V LGHDV DERXW environmental issues facing penguins were gained in 
response to two questions, ³ZKDWSUREOHPVPLJKWSHQJXLQVKDYH"´ and ³ZKDWFDQ
ZHGRWRKHOSWKHP"´7KHUHVSRQVHVSURYLGHGZHUHVRFRSLRXVDQGFRPSUHKHQVLYH
that it was considered impractical to represent them all in a table. Instead, only the 
relevant and appropriate problems and solutions are presented here. Table 27 
SUHVHQWVFKLOGUHQ¶VLGHDVDERXWSUREOHPVIDFHGE\SHQJXLQV 
Table 27. &KLOGUHQ¶VLGHDVDERXWSHQJXLQV¶SUREOHPVDWSUH-intervention 
Environmental Issue - problem Responses 
 Frequency % 
Overfishing 3 12 
Oil spills 2 8 
Total number of ideas 2  
Total number of responses 5  
Five relevant responses were provided as problems faced by penguins. 
Overfishing was mentioned by 12% of the children and oil spills were brought up 
by 8% of children. Table 28 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶
problems. 
Table 28. &KLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶SUREOHPVDWSUH-intervention 
Environmental Issue - solution Responses 
 Frequency % 
Overfishing 2 8 
Oil spills 1 4 
Total number of ideas 2  
Total number of responses 3  
When probed about possible solutions to these problems, only three viable 
solutions were offered: two for overfishing and one for oil spills. 
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5.2.1.6 Summary 
Prior to the intervention children possessed a basic level of ecoliteracy. Children 
were most proficient when discussing penguin behaviour, which interestingly 
aligns with what the group most wanted to learn about. Their understanding of 
habitat and biodiversity was reasonable, listing a range of places that penguins 
live and numerous other animals that live with penguins, as well as mentioning 
VRPHDOWHUQDWHFRQFHSWLRQV&KLOGUHQ¶VNQRZOHGJHRIWKHSHQJXLQIRRGFKDLQZDV
limited. Despite knowing a few of tKH SHQJXLQV¶ SUH\ DQG SUHGDWRUV WKH\
proposed several incorrect answers. The children had a minimal understanding of 
environmental issues. While this concept provided the least amount of ideas and 
responses, they are notable as this concept is the most difficult to grasp.   
5.2.2 Post-Intervention 
7KLV VHFWLRQ SURYLGHV D GHVFULSWLRQ RI WKH JURXS¶V Q  NQRZOHGJH DERXW
penguins after the teaching intervention was conducted. The responses are 
presented in order of highest to lowest frequency and are listed alongside pre-
intervention responses for comparison. 
5.2.2.1 Habitat 
Table 29 SUHVHQWV FKLOGUHQ¶V LGHDV about habitat from responses to the question 
³:KHUHGRSHQJXLQVOLYH"´  
Table 29. &KLOGUHQ¶VLGHDVDERXWKDELWDWDWSRVW-intervention 
 
Habitat 
Responses 
Pre-intervention Post-intervention 
 Frequency % Frequency % 
Ice 21 84 16 64 
Snow 11 44 7 28 
Water/ocean/sea 11 44 15 60 
Cold 9 36 5 20 
South Pole/bottom of the world/under equator 7 28 6 24 
North Pole/top of world* 5 20 2 8 
Igloos* 3 12 4 16 
Other countries (England, America, Japan, Ireland, 
Greenland, Thailand)* 
3 12 2 8 
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Habitat 
Responses 
Pre-intervention Post-intervention 
Antarctica 2 8 2 8 
Where Santa lives* 2 8 0  
Burrows/holes 1 4 4 16 
Lava/volcano rocks 1 4 8 32 
Caves 1 4 4 16 
Lake 1 4 0  
Australia 0  14 56 
Beach/sand 0  14 56 
Land/grass/trees/bushes 0  3 12 
New Zealand 0  2 8 
Africa 0  1 4 
Total number of ideas 14  16  
Total number of responses 78  109  
*denotes incorrect answer 
 
After the intervention, the most frequent ideas about habitat were that penguins 
live: in or on the ice (64%); in the water/ocean/sea (60%); in Australia (56%); or 
on the beach/sand (56%). Notably, the latter two ideas were not expressed at the 
pre-intervention stage of the study. The next most commonly cited habitats were: 
lava/volcano rocks (32%); snow (28%); the South Pole/bottom of the world/under 
the equator (24%); and the cold (20%). Five new ideas (including the two 
described above i.e. Australia and beach/sand) were added, representing a greater 
diversity of ideas and a direct response to the teaching intervention. Further, a 
much greater frequency of responses (n=109) was provided by children at post-
intervention as opposed to pre-intervention (n=78) which represent a much greater 
NQRZOHGJHRISHQJXLQV¶KDELWDWV7ZRLGHDVRIZKHUHSHQJXLQV OLYHZKLFKZHUH
mentioned in pre-intervention were absent from this stage of the study, including 
an incorrect answer (where Santa lives).  
5.2.2.2 Food Chains 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI IRRG FKDLQV ZHUH JDLQHG LQ
response to two questions, ³ZKDW GR SHQJXLQV HDW"´ and ³ZKDW HDWV SHQJXLQV"´
Table 30 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWSHQJXLQSUH\ 
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Table 30. &KLOGUHQ¶VLGHDV DERXWSHQJXLQV¶SUH\at post-intervention 
 
 
Prey 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Fish 19 76 25 100 
Ice/snow 5 20 2 8 
Meat/chicken* 4 16 0  
Water 4 16 0  
Penguin food* 2 8 0  
Squid 1 4 10 40 
Slugs* 1 4 0  
Fruit* 1 4 0  
Eels* 1 4 0  
Seals* 1 4 0  
Octopus* 1 4 0  
Plankton 0  7 28 
Little stuff in water/little round ones/tiny little 
things/tiny things (plankton?) 
0  5 20 
Prawn/little prawn/the things like prawns (krill?) 0  5 20 
Krill 0  2 8 
Seaweed/seagrass* 0  1 4 
Bugs/little bugs* 0  1 4 
Fleas* 0  1 4 
Seeds* 0  1 4 
Total number of ideas 11  11  
Total number of responses 40  60  
*denotes incorrect answer 
 
Every child identified fish as being a food source for penguins. The next most 
commonly cited answers were: VTXLG  SODQNWRQ  µOLWWOH WKLQJV LQ
ZDWHU¶ DQGµSUDZQ-OLNH WKLQJV¶ 1RWDEO\ WKH ODWWHU WZR LGHDVZHUH
not expressed at the pre-intervention stage of the study. It also needs to be noted 
WKDWZKHQDFKLOGJDYHWKHUHVSRQVH³Oittle stuff in water/little round ones/tiny little 
things/tiny things´WKHUHVHDUFKHULQWHUSUHWHGWKLVDVPHDQLQJµSODQNWRQ¶DQGZKHQ
D FKLOG VDLG ³SUDZQOLWWOH SUDZQVWKH WKLQJV OLNH SUDZQV´ WKH UHVHDUFKHU
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LQWHUSUHWHGWKLVDVPHDQLQJµSODQNWRQ¶)HZHUFKLOGUHn said: ice/snow (8%); krill 
(8%); seaweed/seagrass (4%); bugs/little bugs (4%); fleas (4%); and seeds (4%). 
Seven misconceptions were abandoned (i.e. mentioned in pre-intervention but not 
at post-intervention), however four new misconceptions were present at post-
intervention. Overall, eight new ideas were added, representing a greater diversity 
of ideas. Further, a greater frequency of responses (n=60) was provided by 
children at post-intervention as opposed to pre-intervention (n=40) which 
represents a greater knowledJH RI SHQJXLQV¶ SUH\ 7DEOH  SUHVHQWV FKLOGUHQ¶V
LGHDVDERXWSHQJXLQV¶SUHGDWRUV 
Table 31. &KLOGUHQ¶VLGHDV DERXWSHQJXLQV¶SUHGDWRUVDWSRVW-intervention 
 
 
Predator 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Lions/tigers/jaguars* 8 32 0  
Sharks 7 28 18 72 
Birds/big birds/eagle/pelican 7 28 3 12 
Whales/killer whales/orcas/blue 
whales/humpback whales 
4 16 14 56 
Sea lion/lion seal 4 16 3 12 
Snow leopard/snow lion* 3 12 1 4 
Seals 2 8 6 24 
Leopard seals/sea leopard 2 8 3 12 
Octopus* 2 8 0  
Polar bears* 1 4 2 8 
Dolphin 1 4 1 4 
Crocodiles* 1 4 0  
Big things that live in the sea 1 4 0  
Dinosaur* 1 4 0  
Nothing* 1 4 0  
Cats 0  12 48 
Dogs 0  11 44 
Sea eels* 0  2 8 
Humans/people 0  1 4 
  96 
 
 
Predator 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Giant squid* 0  1 4 
Crabs* 0  1 4 
Predators 0  1 4 
Total number of ideas 15  16  
Total number of responses 45  80  
*denotes incorrect answer 
 
After the intervention the most commonly cited predators were: sharks (72%); 
whales (56%); cats (48%); and dogs (44%). Notably, the latter two ideas were not 
expressed at the pre-intervention stage of the study. Fewer children said: seals 
(24%); birds (12%); sea lion/lion seal (12%); leopard seals/sea leopard (12%); 
polar bears (8%); and sea eels (8%). Four misconceptions were dropped at post-
intervention, while three misconceptions were added. Overall, seven new ideas 
were added, representing a greater diversity of ideas and a direct response to the 
teaching intervention. Further, a much greater frequency of responses (n=80) was 
provided by children at post-intervention as opposed to pre-intervention (n=45) 
which represents a much greater knowledge of penguLQV¶SUHGDWRUV 
5.2.2.3 Biodiversity 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI ELRGLYHUVLW\ ZHUH JDLQHG E\
DVNLQJ ³:KDW RWKHU DQLPDOV OLYH ZLWK SHQJXLQV"´ 7DEOH  SUHVHQWV FKLOGUHQ¶V
ideas about biodiversity in regards to penguins. 
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Table 32. ChiOGUHQ¶VLGHDVDERXWELRGLYHUVLW\DWSRVW-intervention 
 
*denotes incorrect answer 
After the intervention, the most commonly cited responses to what other animals 
live with penguins were: fish (32%); polar bears (20%); whales/orca/killer whales 
 
 
Animal 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Fish 7 28 8 32 
Seals 7 28 4 16 
Polar bears* 6 24 5 20 
Leopard seal/sea leopard 5 20 4 16 
Sea lion/lion seal 5 20 2 8 
Sharks 4 16 4 16 
Whales/orca/killer whale 3 12 5 20 
Other penguins/Little penguins/Emperor/baby 
penguins 
3 12 3 12 
Dolphins 2 8 2 8 
None* 2 8 0  
Birds/skua 1 4 4 16 
Santa* 1 4 2 8 
Snow bear/snow cat/snow leopard* 1 4 0  
People/humans 1 4 0  
Octopus* 1 4 0  
µ6HDFUHDWXUHV¶ 1 4 0  
Dogs 0  2 8 
Their predators 0  2 8 
Plankton 0  2 8 
Cats 0  1 4 
Catfish* 0  1 4 
Seaweed* 0  1 4 
Sea cats* 0  1 4 
Total number of ideas 16  18  
Total number of responses 50  53  
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(20%); seals (16%); leopard seal/sea leopard (16%); sharks (16%); and 
birds/skuas (16%). Seven new ideas were introduced at post-intervention, 
representing a greater diversity of ideas and a direct response to the teaching 
intervention.  
5.2.2.4 Animal Behaviour 
&KLOGUHQ¶VLGHDVDERXW the ecological concept of animal behaviour were identified 
from the coding of their drawings and general interview responses rather than in 
response to a specific interview question. Table 33 SUHVHQWV FKLOGUHQ¶V LGHDV RI
behaviours exhibited by penguins. 
Table 33. &KLOGUHQ¶VLGHDVDERXWSHQJXLQEHKDYLRXUDWSRVW-intervention 
 
 
Behaviour 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Hunting 8 32 12 48 
Swimming 7 28 1 4 
Walking 6 24 1 4 
Eating 4 16 4 16 
Diving 4 16 4 16 
Laying eggs 2 8 0  
Sliding 1 4 2 8 
Huddle for safety 1 4 2 8 
Sleeping 1 4 1 4 
Egg care/hatching eggs 1 4 0  
Playing 1 4 0  
Care of young/baby care 0  1 4 
Feeding 0  1 4 
Escaping predator 0  1 4 
Total number of ideas 11  11  
Total number of responses 36  30  
 
Hunting was the most common behaviour cited by children (48%), followed by 
eating (16%), diving (16%), sliding (8%), and huddling for safety (8%). While 
swimming and walking were popularly cited behaviours at pre-intervention, they 
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were only mentioned once each at post-intervention. Three new ideas were added 
DW WKLV VWDJH RI WKH VWXG\ UHSUHVHQWLQJ D JUHDWHU GLYHUVLW\ RI LGHDV RI SHQJXLQV¶
behaviours. 
5.2.2.5 Environmental Issues 
&KLOGUHQ¶V LGHDV DERXW environmental issues facing penguins were gained in 
response to two questions, ³ZKDWSUREOHPVPLJKWSHQJXLQVKDYH"´ and ³ZKDWFDn 
ZHGRWRKHOSWKHP"´7DEOH34 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWSUREOHPVIDFHGE\
penguins. 
Table 34. &KLOGUHQ¶VLGHDVDERXWSHQJXLQV¶SUREOHPVDWSRVW-intervention  
 
 
Environmental Issue - problem 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Overfishing 3 12 5 20 
Oil spills 2 8 4 16 
Pollution/litter/rubbish 0  3 12 
Introduced predators 0  7 28 
Total number of ideas 2  4  
Total number of responses 5  19  
 
Table 35 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶SUREOHPV 
Table 35. &KLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶SUREOHPVDWSRVW-intervention 
 
 
Environmental Issue - solution 
Responses 
Pre-intervention Post-intervention 
Frequency % Frequency % 
Overfishing 2 8 4 16 
Oil spills 1 4 4 16 
Pollution/litter/rubbish 0  3 12 
Introduced predators 0  6 24 
Total number of ideas 2  4  
Total number of responses 3  17  
 
  100 
After the intervention, children mentioned all four relevant environmental 
problems relating to penguins. The most common reported problem was in 
regards to introduced predators (28%), followed by overfishing (20%). Oil spills 
(16%) and pollution/litter/rubbish (12%) were also mentioned. Furthermore, when 
probed about possible solutions to these problems, the children were able to offer 
ideas for all four problems. Again, introduced predators garnered the highest 
response (24%). This was followed equally by overfishing (16%) and oil spills 
(16%), and finally pollution/litter/rubbish (12%). Together with the total number 
of ideas, the total number of responses also greatly increased from pre-
intervention to post-intervention, representing a greater diversity in ideas and a 
direct result of the teaching intervention. 
5.2.2.6 Summary 
&KLOGUHQ¶VHFROLWHUDF\OHYHOVJUHDWO\LQFUHDVHGIROORZLQJWKHWHDFKLQJLQWHUYHQWLRQ
Their knowledge and understanding of the penguin food chain showed the most 
improvement, with children citing an array of animals eaten by penguins, as well 
as several preGDWRUV7KHVHLQFOXGHGSHQJXLQV¶ LQWURGXFHGSUHGDWRUVZKLFKZHUH
QRW PHQWLRQHG SULRU WR WKH LQWHUYHQWLRQ &KLOGUHQ¶V FRPSUHKHQVLRQ RI
environmental issues facing penguins also showed great development. Both their 
awareness and knowledge of issues and their ability to identify appropriate 
solutions increased following the teaching intervention.  The ecological concept of 
habitat was also strengthened amongst the children, showing a variety of habitat 
structures and geographical locations. Their understanding of biodiversity 
LQFUHDVHGZLWKVHYHQQHZFRKDELWLQJDQLPDOVEHLQJOLVWHG&KLOGUHQ¶VNQRZOHGJH
of penguin behaviour remained strong at post-intervention.  
5.2.3 Delayed-post-intervention  
7KLV VHFWLRQ SURYLGHV D GHVFULSWLRQ RI WKH JURXS¶V Q  NQRZOHGge about 
penguins five months after the teaching intervention was conducted, termed 
delayed-post-intervention. The responses are presented in order of highest to 
lowest frequency and are listed alongside post-intervention responses for 
comparison. 
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5.2.3.1 Habitat 
Table 36 SUHVHQWV FKLOGUHQ¶V LGHDV about habitat from responses to the question 
³:KHUHGRSHQJXLQVOLYH"´ 
Table 36. &KLOGUHQ¶VLGHDVDERXWKDELWDWDWGHOD\HG-post-intervention 
 
 
Habitat 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Ice 16 64 19 76 
Snow 7 28 10 40 
Water/ocean/sea 15 60 7 28 
Cold 5 20 12 48 
South Pole/bottom of the world/under equator 6 24 6 24 
North Pole/top of world* 2 8 5 20 
Igloos* 4 16 2 8 
Other countries (England, America, Japan, Ireland, 
Greenland, Thailand)* 
2 8 5 20 
Antarctica 2 8 7 28 
Where Santa lives* 0  1 4 
Burrows/holes 4 16 2 8 
Lava/volcano rocks 8 32 2 8 
Caves 4 16 2 8 
Lake 0  1 4 
Australia 14 56 9 36 
Beach/sand 14 56 6 24 
Land/grass/trees/bushes 3 12 7 28 
New Zealand 2 8 0  
Africa 1 4 1 4 
Museum/zoo 0  3 12 
Desert 0  1 4 
Total number of ideas 16  20  
Total number of responses 109  108  
*denotes incorrect answer 
The children most frequently cited: ice (76%); the cold (48%); and snow (40%). 
Three new ideas were introduced at the follow-up stage, namely museum/zoo, the 
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lake and the desert. The total number of ideas and responses provided by children 
were comparable at the post-intervention and follow-up stages. 
5.2.3.2 Food Chains 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI IRRG FKDLQV ZHUH attained in 
response to two questions, ³ZKDW GR SHQJXLQV HDW"´ and ³ZKDW HDWV SHQJXLQV"´
Table 37 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWSHQJXLQSUH\ 
Table 37. &KLOGUHQ¶VLGHDVDERXWSHQJXLQV¶SUHy at delayed-post-intervention 
 
 
Prey 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Fish 25 100 25 100 
Ice/snow* 2 8 0  
Meat/chicken* 0  1 4 
Water 0  1 4 
Squid 10 40 5 20 
Plankton 7 28 1 4 
Little stuff in water/little round ones/tiny little 
things/tiny things (plankton?) 
5 20 6 24 
Prawn/little prawn/the things like prawns (krill?) 5 20 2 8 
Krill 2 8 1 4 
Seaweed/seagrass* 1 4 2 8 
Bugs/little bugs* 1 4 1 4 
Fleas* 1 4 0  
Seeds* 1 4 0  
Lobster/crab* 0  2 8 
Dolphins* 0  1 4 
Dead penguins* 0  1 4 
Dead whales* 0  1 4 
Total number of ideas 11  14  
Total number of responses 60  50  
*denotes incorrect answer 
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Again, every child cited fish as a food source for penguins. The other most 
FRPPRQUHVSRQVHVZHUHµOLWWOHWKings in ZDWHU¶ LQWHUSUHWHGDVSODQNWRQ) (24%); 
and squid (20%). While three misconceptions were dropped (ice/snow, fleas and 
seeds), three new ones were introduced (dolphins, dead penguins and dead 
whales). Though the total number of ideas offered by children was greater at 
delayed-post-intervention (n=14) as opposed to post-intervention (n=11), the total 
number of responses decreased (from 60 to 50 responses). Table 38 presents 
FKLOGUHQ¶VLGHDVDERXWSHQJXLQV¶SUHGDWRUV 
Table 38. &KLOGUHQ¶VLGHDVDERXWSHQJXLQV¶ predators at delayed-post-intervention 
 
 
Predator 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Lions/tigers/jaguars* 0  4 16 
Sharks 18 72 16 64 
Birds/big birds/eagle/pelican 3 12 3 12 
Whales/killer whales/orcas/blue 
whales/humpback whales 
14 56 13 52 
Sea lion/lion seal 3 12 3 12 
Snow leopard/snow lion* 1 4 1 4 
Seals 6 24 7 28 
Leopard seals/sea leopard 3 12 4 16 
Polar bears* 2 8 6 24 
Dolphin 1 4 2 8 
Crocodiles* 0  3 12 
Big things that live in the sea 0  1 4 
Cats 12 48 8 32 
Dogs 11 44 9 36 
Sea eels* 2 8 0  
Humans/people 1 4 3 12 
Giant squid* 1 4 0  
Crabs* 1 4 0  
Predators 1 4 0  
Fish/big fish 0  2 8 
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Predator 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Jellyfish* 0  1 4 
Sea turtle* 0  1 4 
Walrus* 0  1 4 
Horse* 0  1 4 
Total number of ideas 16  20  
Total number of responses 80  89  
*denotes incorrect answer 
:KHQDVNHGDERXWSHQJXLQV¶SUHGDWRUVILYHPRQWKVDIWHUWKHWHDFKLQJLQWHUYHQWLRQ
the most frequently reported animals were: sharks (64%); whales (52%); dogs 
(36%); and cats (32%). Eight new ideas were presented, although three of these 
OLRQVWLJHUVMDJXDUVFURFRGLOHVDQGµELJWKLQJVWKDWOLYHLQWKHVHD¶ZHUHSUHVHQW
at pre-intervention. Interestingly, three misconceptions were dropped at the 
follow-up stage (sea eels, giant squid and crabs) however six new misconceptions 
were added. Overall, the total number of ideas and responses provided by children 
increased from post-intervention to follow-up which represents a strong retention 
of knowledge after the intervention.  
5.2.3.3 Biodiversity 
&KLOGUHQ¶V LGHDV DERXW WKH HFRORJLFDO FRQFHSW RI ELRGLYHUVLW\ ZHUH JDLQHG E\
DVNLQJ ³:KDW RWKHU DQLPDOV OLYH ZLWK SHQJXLQV"´ 7DEOH  SUHVHQWV FKLOGUHQ¶V
ideas about biodiversity in regards to penguins. 
Table 39. &KLOGUHQ¶VLGHDVDERXWSHQJXLQELRGLYHUVLWy at delayed-post-intervention 
 
 
Animal 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Fish 8 32 10 40 
Seals 4 16 9 36 
Polar bears* 5 20 5 20 
Leopard seal/sea leopard 4 16 3 12 
Sea lion/lion seal 2 8 3 12 
Sharks 4 16 9 36 
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Animal 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Whales/orca/killer whale 5 20 6 24 
Other penguins/Little penguins/Emperor/baby 
penguins 
3 12 3 12 
Dolphins 2 8 3 12 
Birds/skua 4 16 3 12 
Santa* 2 8 0  
Snow bear/snow cat/snow leopard* 0  3 12 
People/humans 0  2 8 
Octopus* 0  2 8 
Dogs 2 8 2 8 
Their predators 2 8 1 4 
Plankton 2 8 0  
Cats 1 4 1 4 
Catfish* 1 4 0  
Seaweed* 1 4 0  
Sea cats* 1 4 0  
Squid 0  2 8 
Their prey 0  1 4 
Husky dog 0  1 4 
Sea wombat* 0  1 4 
Jellyfish 0  1 4 
Crabs* 0  1 4 
Starfish* 0  1 4 
Spiders* 0  1 4 
Freezing water eagles* 0  1 4 
Total number of ideas 18  25  
Total number of responses 53  75  
*denotes incorrect answer 
At the follow-up stage of the study, the most commonly cited animals that coexist 
with penguins were: fish (40%); seals (36%); sharks (36%); whales (24%); and 
polar bears (20%). Four misconceptions were dropped from post-intervention to 
follow-up (Santa, catfish, seaweed, seacats), however seven new misconceptions 
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were added. Overall, the total number of ideas and responses provided by children 
increased from post-intervention to the follow-up stage of the study, representing 
a greater diversity of ideas and support for retention of knowledge from the 
teaching intervention. 
5.2.3.4 Animal Behaviour 
&KLOGUHQ¶VLGHDVDERXW the ecological concept of animal behaviour were identified 
from the coding of their drawings and general interview responses rather than in 
response to a specific interview question. Table 40 SUHVHQWV FKLOGUHQ¶V LGHDV RI
behaviours exhibited by penguins. 
Table 40. &KLOGUHQ¶VLGHDV about penguin behaviour at delayed-post-intervention 
 
 
Behaviour 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Hunting 12 48 15 60 
Swimming 1 4 6 24 
Walking 1 4 1 4 
Eating 4 16 5 20 
Diving 4 16 2 8 
Laying eggs 0  2 8 
Sliding 2 8 5 20 
Huddle for safety 2 8 1 4 
Sleeping 1 4 1 4 
Egg care/hatching eggs 0  3 12 
Care of young/baby care 1 4 2 8 
Feeding 1 4 1 4 
Escaping predator 1 4 0  
Waddling 0  2 8 
Resting 0  1 4 
Total number of ideas 11  14  
Total number of responses 30  47  
Again hunting was the most commonly cited behaviour exhibited by penguins 
(60%). This was followed by: swimming (24%); eating (20%); and sliding (20%). 
  107 
Four new ideas were presented at the follow-up stage (resting, waddling, egg 
care/hatching eggs and laying eggs), although the latter two were present at pre-
intervention. Overall, the total number of ideas and responses provided by 
children increased from the post-intervention to follow-up stages of the study, 
representing a greater diversity of ideas and support for retention of knowledge 
following the intervention. 
5.2.3.5 Environmental Issues 
&KLOGUHQ¶V LGHDV DERXW environmental issues facing penguins were gained in 
response to two questions, ³ZKDWSUREOHPVPLJKWSHQJXLQVKDYH"´ and ³ZKDWFDQ 
we do to KHOSWKHP"´7DEOH presents their ideas about SHQJXLQV¶ problems. 
Table 41. &KLOGUHQ¶VLGHDVDERXWSHQJXLQV¶SUREOHPVDWGHOD\HG-post-intervention 
 
 
Environmental Issue - problem 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Overfishing 5 20 2 8 
Oil spills 4 16 6 24 
Pollution/litter/rubbish 3 12 2 8 
Introduced predators 7 28 4 16 
Total number of ideas 4  4  
Total number of responses 19  14  
 
Table 42 SUHVHQWVFKLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶SUREOHPV. 
Table 42. &KLOGUHQ¶VLGHDVDERXWVROXWLRQVWRSHQJXLQV¶SUREOHPVDWGHOD\HG-post-
intervention 
 
 
Environmental Issue - solution 
Responses 
Post-intervention Follow Up 
Frequency % Frequency % 
Overfishing 4 16 2 8 
Oil spills 4 16 6 24 
Pollution/litter/rubbish 3 12 1 4 
Introduced predators 6 24 4 16 
Total number of ideas 4  4  
Total number of responses 17  13  
  108 
 
When tested five months after the intervention, children again provided responses 
for all four relevant environmental problems and solutions in regards to penguins. 
+RZHYHUDWWKLVVWDJHRIWKHVWXG\RLOVSLOOVGRPLQDWHGWKHFKLOGUHQ¶VUHVSRQVHV
with 24% of children citing it as a problem, and 24% offering viable solutions 
(introduced predators dominated at post-intervention). Overall, the number of 
responses presented by the children decreased from post-intervention to follow-
up, however they were still considerably higher than those presented at pre-
intervention. 
5.2.3.6 Summary 
At the delayed-post-intervention stage of the study, children maintained the high 
ecoliteracy level that they achieved following the teaching intervention. Their 
knowledge of penguin behaviour actually showed improvement, with children 
offering more ideas and a higher response rate. Again, all ideas provided for this 
ecological concept were correct. The concept of environmental issues was well 
addressed by the children, providing several relevant issues and their associated 
solutions. Both the food chain and biodiversity concepts showed a mix of correct 
DQG LQFRUUHFW UHVSRQVHV IURP WKH FKLOGUHQ &KLOGUHQ¶V NQRZOHGJH RI KDELWDWV
remained strong at delayed-post-intervention.  
5.2.4 Summary RIFKLOGUHQ¶VLGHDV 
The breadth of ideas provided by children increased as the data collection 
progressed. For example, 14 different habitats were suggested at pre-intervention, 
increasing to 16 following the intervention, and reaching 20 different habitats 
when the children were tested five months after the intervention. The total number 
of responses given for each ecological concept increased from the pre-intervention 
and post-intervention stages of the study (except for Animal Behaviour) and these 
levels of responses were fairly maintained when data was again collected during 
the delayed-post-intervention stage. 
5.3 Quantitative results 
7KLVVHFWLRQH[SORUHVWKHJURXSV¶RYHUDOOHFROLWHUDF\UHVXOWVDWWKHWKUHHVWDJHVRI
the study ± pre-intervention, post-intervention and delayed-post-intervention. Data 
from the two schools were combined (n=25) for analysis. Data were analysed 
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using a single-factor analysis of variance (ANOVA) with planned Bonferroni 
adjusted contrasts. The children performed significantly better after the teaching 
intervention than in the pre-intervention stage of the study (F1, 24 = 120.5, P<0.01). 
No significant difference existed between the post-intervention and follow-up 
stages. Table 43 SUHVHQWVFKLOGUHQ¶VUHVXOWVDWHDFKVWDJHRIWKHVWXG\DQGEURNHQ
down by the concepts that make up ecoliteracy. 
Table 43. Mean scores (mean ± SD) of each ecological concept at each stage of the 
study (n=25) 
Ecological concept Pre-intervention Post-intervention Delayed-post-intervention 
Habitat 1.44 ± 0.58 2.68 ± 0.56 2.32 ± 0.7 
Food chains 1.32 ± 0.9 2.84 ± 0.37 2.8 ± 0.41 
Biodiversity 1.72 ± 0.61 2.36 ± 0.64 2.2 ± 0.5 
Animal behaviour 0.96 ± 0.79 1.08 ± 0.76 1.6 ± 1.04 
Environmental Issues 0.48 ± 0.77 1.4 ± 1.15 1.24 ± 1.09 
TOTAL ECOLITERACY 5.92 ± 2.06 10.36 ± 1.87 10.16 ± 2.0 
5.4 Teachers views about the teaching intervention 
The views of teachers in regards to the effect of the teaching intervention were 
investigated. To do this, teachers were interviewed at the completion of the study, 
after the children had undergone their follow-up tests. In both cases, the teachers 
were present when the children in their class underwent the teaching intervention. 
The interview questions asked of the teachers are provided in Appendix B. The 
results from the teachers will be presented by answering two main questions: 
  1) What effect has the teaching intervention had on the children? 
2) As a teacher, do you think the teaching intervention was successful and 
why? 
5.4.1 Effect of the teaching intervention on the children 
Both teachers observed a positive effect on the children from the teaching 
intervention. As stated previously, the teachers were present when the intervention 
occurred and are therefore able to recount their reflections on how the children 
responded. On penguins living in the Southern Hemisphere, Teacher A recalled 
the behaviour of one of the children in her class: 
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µ[Researcher] VDLG³7KLVLVWKH(TXDWRU´DQG³:KDWGR\RXQRWLFH"´DQGVKH>WKHchild] 
DFWXDOO\QRWLFHGDQGVKHVDLG³WKH\DOOOLYHEHORZWKHHTXDWRU´,WZDVDPD]LQJ«DQGWKHQ
everyone got that idea but [the child] just picked it up without being told, she just saw, 
and that was very JRRGEXWVKH¶VDJRRGWKLQNHU¶ 
          
Other observations were made after the study had concluded and revealed children 
applying their newly acquired knowledge in different situations. Teacher A spoke 
of creating Information Reports with the children in her class: 
µ«ZHGLGRQHDERXWGRJVDQGZKHQWKH\ZURWHµGRJVDUHODQGPDPPDOV¶ZKLFKLVWKH
LQWURGXFWRU\VWDWHPHQWDQGµGRJVKDYHIXU¶DQGZKDWHYHUHOVH>WKH\DOVRZURWH@µGRJVHDW
SHQJXLQV¶,W¶VRQHRIWKHLUPDMRUIRRGVLWWXUQVRXW¶  
The teacher at School B also noticed a change in thinking in some of the children 
in her class since the teaching intervention. She remarked that the study of 
penguins had made a strong impression on the children. The class has an 
Environment Award and its mascot is a penguin (nothing to do with this study). 
Here she recalls how one of the children in her class reflected on the significance 
of having such rewards: 
µ«VR WKH SHUVRQ ZKR SLFNV XS HQRXJK DZDUGV«IURP SLFNLQJ XS UXEELVK LQ WKH
SOD\JURXQG«JHWVRQHRIWKHVH,WZDVUHDOO\QLFHWRGD\RQHRIWKHNLGVDFWXDOO\QRWLFHG
WKH\VDLG³<RXNQRZ WKHIDFW WKDWZH¶UHJHWWLQJ ORWVDQG ORWVRIHQYLURQPHQWDODZDUGV
PHDQV WKHUH¶V ORWV DQG ORWV RI UXEELVK RQ WKH JURXQG VR UHDOO\ WKDW¶V QRW VXFK D JUHDW
WKLQJ«LWZRXOGEHJRRGLIZHVWLOOZRQEXWRQO\LIWKHPRVW(QYLURQPHQWDO$ZDUGVZDV
three because then there would only be three pLHFHVRIUXEELVKRQWKHJURXQG´¶                       
5.4.2 Value of the teaching intervention  
Both teachers strongly agreed that the teaching intervention was a successful and 
useful resource. They confirmed that the activities engaged the children. As 
Teacher A noted: 
µ,GRQ¶WUHPHPEHUDQ\SDUWVRIWKHOHVVRQWKDWZHUHGHDG«0HOLVTXLWHJRRGDWMXGJLQJ
WKDW>FKLOGUHQ¶VHQJDJHPHQWOHYHOV@«HYHU\WKLQJWKDWVKHGLGDQGVKHDOVRZDQWHGWRJLYH
kids a turn because, especially with kLQGHUJDUWHQ\RXGRQ¶WZDQWWKHPMXVWVLWWLQJWKHUH
IRUDORQJSHULRGRIWLPH«WKH\ORVHLQWHUHVWLI WKH\¶UHQRWKDYLQJDJR6RVKHHQJDJHG
WKHPDVPXFKDVSRVVLEOHJDYHSHRSOHWXUQV«PDGHVXUHSHRSOHZHUHLQWHUDFWLQJVRWKHUH
ZHUHQ¶WDQ\GHDGSDUWVLQWKHOHVVRQ¶           
The teachers also recognized the use of varied teaching techniques to include all 
childrenDVRXWOLQHGE\7HDFKHU%¶VFRPPHQW: 
µAll of the activities were engaging, particularly ones that involved questioning and visual 
aspects«HYHU\WKLQJSURPRWHGKLJKHURUGHUWKLQNLQJ¶ 
The strength and value of teaching resources used in the intervention 
was noted by Teacher A: 
µ«VKHKDGJood resources«ELJPDSVSLFWXUHVRISHQJXLQVWKDW\RXFRXOGVWLFNRQDQG
things and that was good, that was stimulating¶ 
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The teachers confirmed that the unit of work coincided with the stated syllabus 
outcomes and Teacher B talked of WKHLPSRUWDQFHRIWKLVIURPDWHDFKHU¶VSRLQWRI
view: 
µ«LI LWKDV WKH2XWFRPHV OLVWHG WKHUH , WKLQN WHDFKHUVDUHPRUHZLOOLQJ>WRXVH LW@ZKHQ
WKH\UHDOL]HWKH\FDQWLFNRII WKH2XWFRPHV«WKH\UHDOL]HWKHUHLVDUHDOOy good purpose 
EHKLQG LWEHFDXVH LW LV UHTXLUHG LW¶VSDUWRI WKH V\OODEXV WKHQ WKH\PLJKWEHDELWPRUH
motivated to do it cause often teachers will stick to their program they have rather than 
take on another thiQJ¶ 
Despite acknowledging the teaching inWHUYHQWLRQ¶V OLQNV WR WKH FXUULFXOXP ERWK
teachers failed to connect it with units they taught either before or after the study.  
In the school term prior to the teaching intervention, Teacher B had taught a unit 
RQ³3ODFHV:H.QRZ´DQG IROORZLQJ WKH LQWHUYHQWLRQ WDXJKWXQLWVRQ³1HHGV´
DQG ³,QWHU-UHODWLRQVKLSV´ :KHQ TXHULHG DV WR ZK\ WKH\ GLGQ¶W PDNH XVH WKH
content in the teaching intervention to make connections with other classroom 
activities, Teacher A explained: 
µ,GLGQ¶WNQRZZKHWKHU,ZDVVXSSRVHGWR>FUHDWHOLQNV@RUQRWVR,GLGQ¶WGRDQ\IROORZ-
XSZRUNRQZKDWVKHGLG«,GLGQ¶WEULQJ LQµSUHGDWRUV¶DQGµSUH\¶GHOLEHUDWHO\ LWPLJKW
FRPH LQWR FRQYHUVDWLRQ EXW , GLGQ¶W GHOLEHUDWHO\ GR DQ\ RI WKDW EHFDXVH , WKRXJKW VKH
wanted to see what she was dRLQJKHUVHOI¶ 
Teachers were queried as to what recommendations they would make in regards 
to improving the unit. Both teachers suggested using a local species as the focal 
animal (examples provided included Rainbow Lorikeet, blue tongue lizard, 
possum). Teacher B VSRNHRIILQGLQJDSRVVXPGUD\LQWKHVFKRRO¶VORFDOJURXQGV
and using that as a real-life example. The use of a local animal also links in with 
the Quality Teaching Framework (Table 21). While they proposed some species 
that have been spotted near their schools, both teachers acknowledged that the 
Little Penguin is also a local example. There is a reasonable population in Manly, 
of which Manly Public School is involved in their protection and support 
program.  Teacher B also suggested linking the unit of work with an excursion to 
D ORFDOSODFHVXFKDV:KLWH¶V&UHHNRU)LHOGRI0DUV Another recommendation 
was the use of Interactive Whiteboards (IWBs). This was a consideration at the 
start of the study, however only School A had one in their classroom and it was 
decided not to use it as this may disadvantage the children in the other classroom. 
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 'LVFXVVLRQ 
The data from this study provide LQVLJKWV LQWR\RXQJFKLOGUHQ¶VHFRORJLFDO LGHDV
and understandings, and how these change with instruction. This chapter 
summarises the findings of the study in relation to the research questions. Each 
question is answered through explanations from the data and discussed with 
reference WRWKHUHVHDUFKOLWHUDWXUHDQGWKHRU\RQFKLOGUHQ¶VVFLHQFHOHDUQLQJ 
6.1 Research question one  
The first question in the study sought to determine: What level of ecoliteracy is 
demonstrated by kindergarten children? 
The ideas and understandings (detailed in the previous chapter) revealed that at 
the beginning of the study these children: 
1) Had pre-existing knowledge of ecological concepts; 
2) Had varying, but generally low levels of ecoliteracy; and 
3) Were interested in learning about a broader range of ecological 
concepts. 
Each point is discussed with examples of data generated in this study. 
&KLOGUHQ¶VSUH-existing ecological knowledge 
The cKLOGUHQ¶V collective knowledge about penguins indicated they commenced 
the study with pre-existing ecological ideas that, while variable, were more than 
rudimentary. Although children¶VSULRUNQRZOHGJHRISHQJXLQVVSDQQHGWKHWKUHH
ecological concepts of food chains, animal behaviour and habitat, component 
ideas were limited in depth. The more sophisticated ecological concepts of 
biodiversity and environmental issues were mainly absent IURP FKLOGUHQ¶V SULRU
understandings. 
The data provide evidence that the kindergarten children in this study conveyed 
ideas and understandings that related to three of the five ecological concepts from 
the ecoliteracy scale, namely: food chains, animal behaviour and habitat. Several 
ideas were put forward under each category, indicating that these children had 
pre-existing ideas that they were willing to talk about. The range of ideas and 
understandings children demonstrated about penguins and their associated 
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ecological concepts at the beginning of the study suggests such knowledge was 
learnt from sources other than school. These findings are not surprising, as young 
FKLOGUHQ DUH µQDWXUDOO\ LQTXLVLWLYH DQG EHJLQ GRLQJ VFLHQFH IURP WKHPRPHQW RI
their birth E\REVHUYLQJDQGVRUWLQJRXWWKHLUZRUOG¶0DUWLQ5D\QLFH	6FKPLGW
2005, p. 13). As a result of these exploratory experiences and exposure to the 
environment in their first five years of life, children will arrive at school with 
existing conceptions of science and the world around them (Dawson & Venville 
2007)&KLOGUHQ¶V FRQFHSWV DQGFRJQLWLYH VWUXFWXUHV then develop based on their 
experience. Tapping into their prior knowledge is an essential component of 
FRQVWUXFWLYLVW WHDFKLQJ SUDFWLFHV EHFDXVH µWKH most important single factor 
LQIOXHQFLQJ OHDUQLQJ LV ZKDW WKH OHDUQHU DOUHDG\ NQRZV¶ $XVXEHO  S YL
Young children bring complex understandings to the learning of science, often 
with sophisticated understandings of science concepts (Duschl, Schweingruber & 
Shouse 2007). Similarly, Smolleck and Hershberger (2011, p. 12) investigated 
\RXQJ FKLOGUHQ¶V DJHG -8) conceptions and misconceptions about science 
concepts, skills and phenomena and found that young children held conceptions 
about matter, magnetism, density and air, and that they justified their explanations 
using examples from their day-to-day lives. The children also presented many 
misconceptions about each of the science topics studied, reinforcing the 
importance for classroom teachers to assHVV VWXGHQWV¶ H[LVWLQJ FRQFHSWLRQV DQG
PLVFRQFHSWLRQV ,I WHDFKHUV GR QRW FRQQHFW WKH FKLOGUHQ¶V OHDUQLQJ H[SHULHQFHV
with their prior knowledge, any misconceptions that the children have will never 
be challenged and will continue to exist.  
Examination of FKLOGUHQ¶V LGHDV LQ WKH FRPSRQHQW HFRORJLFDO FRQFHSWV UHYHDOHG
limited in-depth scientific understanding. As Teacher A explains: 
µ7KH\KDGDRQH-dimensional idea about penguins at the start. They had thought there was 
one type of penguin basically, that they all lived at the South Pole.  They had a certain 
picture about penguins in their mind and they thought of them more as the Happy Feet 
LGHD WKDW WKHUHZHUHSHQJXLQV WKH\DOONQHZZKDWDSHQJXLQZDVEXW WKH\GLGQ¶WNQRZ
that there were lots of differenWW\SHVDQGZKHQWKH\ZHUHDVNHGWR³QDPHVRPHGLIIHUHQW
SHQJXLQV´WKH\KDGQRLGHD7KH\FRXOGQ¶WQDPHDQ\SDUWLFXODUNLQGVRISHQJXLQV¶ 
Examples from separate ecoliteracy categories are discussed below. &KLOGUHQ¶V
habitat ideas were narrowly descriptive of a cold climate and specific 
geographical location, the South Pole. Habitat ideas also included two alternate 
conceptions, being that penguins live in igloos and where Santa lives. These 
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FKLOGUHQ OLNH WKRVH LQ &DUGDN¶V  VWXG\ WHQGHG WR WKLQN DEout penguins 
living only on or around the ice, whereas, in fact, few species of penguin live in 
icy, cold areas. Instead, penguins cover a wide range of habitats, including sand 
dunes, lava rocks, and deserts. They span along the coasts of Australia, New 
Zealand, South America, Africa and even as far north as the Galapagos Islands, 
right on the Equator. Thus, providing children with opportunities to investigate 
penguins that live in other environments, challenged FKLOGUHQ¶V OLPLWHG WKLQNLQJ
about the habitats in which penguins can be found.  
In terms of feeding relationships, while children were able to list a number of 
SHQJXLQV¶ SUHGDWRUV VHD OHRSDUGV VKDUNV NLOOHU ZKDOHV RQO\ RQH SUey animal 
(fish) was mentioned. This finding correlates with previous research that 
elementary aged children think about what organisms eat in a one-dimensional 
animal-food relationship (Leach et al. 1992; Shepardson 2002; Strommen 1995). 
Shepardson¶V  VWXG\ RI HOHPHQWDU\ Nindergarten ± *UDGH  FKLOGUHQ¶V
ideas about insects revealed the students only considered what insects eat, and not 
what might eat insects. In contrast, the children in the current study presented the 
opposite one-GLPHQVLRQDO IRRG FKDLQ IRFXVLQJ RQ SHQJXLQV¶ SUHGDWRUV DQG OHVV
on what they eat. Exposing children to more examples of predator-prey 
relationships cRXOGGHYHORSFKLOGUHQ¶VXQGHUVWDQGLQJDERXWSHQJXLQV LQ WHUPVRI
food chains, as well as the impact of introduced predators in the ecological 
system.  
While the children had a fairly good appreciation of animals that share the sea 
with penguins, their knowledge of biodiversity of land animals that live amongst 
penguins was lacking at the beginning of the study. However, the answers were 
collected mainly from the interviews, as opposed to the children depicting animal 
biodiversity in their drawings, and Strommen (1995) found a similar result in his 
study with first-grade children who were asked to draw a picture of a forest and 
interviewed. They found that children tended to draw multiples of a single type of 
animal, rather than different species, and concluded that the drawings were much 
less rich in content than the information provided by the interviews. Not only 
were the amount and types of living things depicted in the drawings far fewer than 
those obtained from interview questions, but the children regularly discussed 
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relationships between animals and their habitats, which was not evident in their 
drawings.  
Animal behaviour ideas held by children in this study UHODWHG WR SHQJXLQV¶
PRYHPHQWDQGDQWKURSRPRUSKLFTXHULHV VXFKDV µ:KDWZRXOG WKH\ OLNH WRGR"¶
DQG WDON RI SHQJXLQV GDQFLQJ <RXQJ FKLOGUHQ¶V ELRORJLFDO H[SODQDWLRQV RIWHQ
reflect anthropomorphic reasoning (Leach et. al. 1992). Keil (1989) also found 
thaW\RXQJFKLOGUHQ¶VDJHGVHYHQDQG\RXQJHUXQGHUVWDQGLQJRIRUJDQLVPVWHQG
to be based on perceptual and behavioural qualities.  
&KLOGUHQ¶VJUDVSRIHQYLURQPHQWDO LVVXHV IDFLQJSHQJXLQVZDV generally lacking. 
Only five responses identified appropriate and relevant problems (overfishing and 
oil spills), and only three plausible ideas were offered as solutions. Interestingly, 
even when interviewed before the teaching intervention, Aaron gave a mature 
answer to the question µZKDWFDQZHGRWRKHOSSHQJXLQV"¶ 
µ:HFDQIHHGWKHPIRRGORRNDIWHUWKHPZH«KHOSWKHPYHU\YHU\PXFK$QG[be] very 
generous for them. We can help them by paying money for the people that are looking 
DIWHUWKHSHQJXLQVDQGWKHQWKHSHQJXLQVFDQKDYHPRUHOLIHWRVSHQG¶ 
Gambino, Davis and 5RZQWUHH  DOVR VWXGLHG \RXQJ FKLOGUHQ¶V -5 year 
olds) environmental attitudes about bilbies before and after an intervention, but 
found contrasting results. They reported no children displaying evidence of taking 
actions to help animals and no awareness of any strategies before the teaching 
intervention occurred. While one of their students knew that bilbies were 
endangered, there was no further comment about protecting them. It is widely 
recognised that for a person to take environmental action, knowledge of the issue 
is first required (Hungerford & Volk 1990). However, Kollmus and Agyeman 
(2002) disagree, claiming there to be no correlation between increased knowledge 
and pro-environmental behaviour, based on their analysis of several studies.  
Nevertheless, while knowledge on its own may not necessarily lead to 
environmental action, it is certainly an effective means as a starting point, in 
conjunction with other factors (Jensen 2002). 
King (1995) used a similar technique of drawings and interviews to explore 5-15 
year olds concerns about the environment. She asked children to draw a picture 
DERXWZKDWLWPHDQVWRWKHPZKHQVRPHRQHVD\Vµ<RXKDYHWRVDYHWKHSODQHW¶
She found that 87% of the children were very much aware of the environmental 
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crisis, with nearly half (47%) depicting themselves or others taking personal 
action for positive environmental change. One possible explanation as to why the 
FKLOGUHQLQ.LQJ¶VVWXG\VFRUHGVRKLJKO\DWEHLQJHQYLURQPHQWDOO\DZDUH
might have been that her approach was targeted. When she asked children what to 
do, she was already suggesting that the world needed help, thereby charging the 
children with a strong bias towards environmental problems. The current study 
used a more open approach, using a general statement when asking the children to 
µ'UDZHYHU\WKLQJ\RXNQRZDERXWSHQJXLQV¶DQGXWLOL]LQJRSHQ-ended questions 
during the interview phase, so that a broader focus in responses might be 
expected. 
&KLOGUHQ¶VOHYHORIHFROLWHUDF\ 
The results suggest that children have a preliminary (low to medium) level of 
ecoliteracy. The mean ecoliteracy score of the children at pre-intervention was 5.9 
(out of a possible score of 15) showing that they do hold some ecological ideas, 
however they are not well developed (Inagaki & Hatano 2006).  
Figure 9 VKRZV0DU\¶VILUVWGUDZLQJPHDVXULQJKHUSUH-existing knowledge. By 
describing her drawing, and through additional questions on ecological concepts 
during the interview, the student reached a score of six. There are appropriate 
habitats, the presence of food, and when asked what the penguins were doing, she 
responded:  
µ7KHEDE\SHQJXLQLVILVKLQJ¶ 
This response gave her a point for the animal behaviour concept. Interestingly, the 
baby penguin is using a rod to fish, depicting an anthropomorphic action. 
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Figure 9. Pre-intervention drawing for Mary, annotated WRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
6.1.3 &KLOGUHQ¶VLQWHUHVWLQHFRORJLFDOFRQFHSWV 
The children possessed a strong curiosity about penguins, encompassing all 
ecological concepts and a wide range of queries. While their pre-existing 
knowledge of penguins was limited, their interest was extensive. Children were 
PRVWFRQFHUQHGZLWKSHQJXLQV¶EHKDYLRXUSDUWLFXODUO\UHJDUGLQJWKHLUPRYHPHQW
and actions. Other examples covered the concepts of food chains (why penguins 
eat fish, their other food sources, and how they could prevent being eaten 
themselves) and environmental issues (what could they do to help the penguins). 
The depth and breadth of this curiosity indicate areas that could be utilized in 
leading class activities and the development of curriculum materials, so that 
FKLOGUHQ¶V SHUVSHFWLYHV are taken into account when designing any activity, and 
their ideas are taken seriously thus validating their contributions (Davis 2010; Siry 
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& Kremer 2011). Having such regular, collaborative conversations with young 
children can uncover their ways of thinking and shed light on their learning 
*DOODV  6XFK DQ LQVLJKW RI \RXQJ FKLOGUHQ¶V WKLQNLQJ LV LPSRUWDQW LQ
developing learning activities because how children learn science does not follow 
a necessary simple-to-abstract progression in their development (Siry & Kremer 
2011). By designing curricula and instructional activities that reflect the existing 
understandings and interests of young children, their conceptual understanding of 
penguins and ecological thinking may be enhanced. The use of a local species of a 
popular animal, the Little Penguin, as the teaching intervention case study animal 
provided the children with familiar and relevant content, which is known to 
increase a FKLOG¶V understandings and motivations to learn (Loxley et al. 2013; 
Tytler 2007). Furthermore, if the curriculum and instruction emphasise an in-
depth learning about penguin ecology, children have the potential to learn other 
important biological concepts such as anatomy and physiology and development 
(Shepardson 2002).  
6.1.4 Answer to Research Question One 
Kindergarten children in this study do have existing prior knowledge comprising 
key ecological ideas that are not insignificant. From a constructivist teaching 
perspective it is vital that teachers are aware of children¶VHDUly ecological ideas. 
The kLQGHUJDUWHQFKLOGUHQ¶VHFRORJLFDOLGHDVUHODWHGWRWKUHHRIWKHILYHHFROLWHUDF\
concepts. However, they were skewed towards the more basic notions of feeding, 
behaviour and habitat, avoiding the more sophisticated concepts of biodiversity 
and environmental issues. While the kLQGHUJDUWHQFKLOGUHQ¶VXQGHUVWDQGLQJVZHUH
not well developed, this study indicates that five year olds arrive at school with 
growing ecological ideas and attitudes as well as curiosities and interests that can 
provide a platform for future learning. 
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6.2 Research question two  
The second research question is: How does a teaching intervention affect 
kLQGHUJDUWHQFKLOGUHQ¶VHFROLWHUDF\" 
Evidence from childUHQ¶VGUDZLQJVDQG LQWHUYLHZV after the intervention showed 
that the children: 
1) Increased their knowledge of ecological concepts; and  
2) Had less varied and significantly higher levels of ecoliteracy. 
Each is discussed with examples of data generated in this study. 
&KLOGUHQ¶V newly constructed knowledge 
&KLOGUHQ¶VNQRZOHGJHRISHQJXLQVDQGWKHLUUHODWHGHFRORJLFDOFRQFHSWVLQFUHDVHG
in both breadth and depth following the teaching intervention. Many answers 
provided by the children at post-intervention were not presented at the pre-
intervention stage, indicating newly constructed knowledge. This is in accord with 
9\JRWVN\¶V VXJJHVWLRQ WKDW conceptual change is a continuous process in which 
the child collaborates with their family, teachers, and peers to transform everyday 
concepts into scientifically accepted concepts (Howe 1996). In this context, the 
teaching intervention in this study successfully used a series of activities to 
involve kindergarten children in learning about ecological concepts in their 
classroom in order to transform their everyday concepts into scientific 
understandings and improve their ecoliteracy. ([DPLQDWLRQRIFKLOGUHQ¶VLGHDVLQ
the component ecological concepts revealed increased scientific knowledge. Of 
the five concepts making up ecoliteracy, the data indicated that children readily 
understood the concepts of food chains, habitat and biodiversity in a scientific 
sense, and had more difficulty with animal behaviour and environmental issues. 
%\ DQDO\VLQJ FKLOGUHQ¶V HYROYLQJ XQGHUVWDQGLQJV DV D UHVXOW RI a teaching 
intervention, appropriate science education programs can be developed (Driver et 
al. 1994). Examples from separate ecoliteracy categories are discussed below, 
XVLQJFKLOGUHQ¶VGUDZLQJVDQGLQWHUYLHZV from the current study. 
6.2.1.1 Habitat 
While children understood what constitutes a habitat, formal instruction was 
needed to extend their knowledge and lead them through their Zone of Proximal 
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Development. At the beginning of the study, children most commonly talked of 
penguins living in cold, snowy areas or on ice. These comments indicate that 
young learners may have a confused or inaccurate understanding of distant places 
with which they are not familiar, perhaps brought about and encouraged by 
images portrayed through television, films, and books popular in the mass media. 
This can be seen LQ$P\¶VSUH-test (Figure 10) and post-test (Figure 11) drawings, 
which show the only habitat indicated was water and ice. 
 
  
 
Figure 10. Pre-intervention drawing for Amy, annotated WRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
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Figure 11. Post-intervention GUDZLQJIRU$P\DQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
7KLV SURYLGHV DQ LQVLJKW LQWR WKH JDSV DQG HUURUV LQ FKLOGUHQ¶V WKLQNLQJ DQG
examples of incomplete knowledge. These are powerful influences with which 
teachers compete to provide opportunities for sound scientific and environmental 
education.  Many of these same wrong or incomplete answers and explanations 
are given by a substantial proportion of the children, thus illuminating areas of 
knowledge and understanding that could benefit from attention in early years 
curriculum documents. This study nevertheless demonstrates that alongside the 
inaccuracies and gaps in knowledge of young children, there exists a strong base 
of accurate scientific knowledge upon which early years teaching may build with 
the aim of helping young people to understand and be concerned about a range of 
environmental issues. Indeed, Wiegand (1993) found that children as young as 
Penguin diving 
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catch fish 
Water, 
with fish 
(prey) 
Predator 
Nighttime ʹ they only 
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four years old were able to discuss specific places overseas, despite their 
knowledge not being completely accurate.  After the intervention, children held a 
more FRPSOH[VFLHQWLILFXQGHUVWDQGLQJRISHQJXLQV¶KDELWDWV:KHQDVNHGZKHUH
penguins live, children correctly covered a wide range of habitats, including ice, 
deserts, beaches and burrows. They were also able to represent habitats 
geographically, naming the countries where penguins could be found and 
recognizing that all penguins live in the Southern Hemisphere. This is typified in 
the comment by Mia, after studying the world map (Figure 12): 
µ7KHSDWWHUQ,VHHLVWKDWDOOSHQJXLQVOLYHXQGHUWKHHTXDWRU¶ 
 
 
Figure 12. World map indicating where penguin species live 
When Amy was tested five months following the intervention, her drawing again 
indicated a cold, icy environment, but this time it also showed the penguin had 
laid eggs in a burrow, next to a bush (Figure 13). This is typical behaviour of the 
Little Penguin, which was studied during the intervention.  
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Figure 13. Delayed-post-intervention GUDZLQJIRU$P\DQQRWDWHGWRLQGLFDWHFKLOG¶V
description of their drawing 
Bowker (2007) was also able to achieve exceptional results from his students after 
a short (two hour) teaching intervention at a rainforest. He found that while the 
pre-test drawings usually consisted of a single outline of a tree, their post-test 
drawings increased in detail and depth. They contained more variation in plant 
types drawn and accurate details such as leaves drawn with leaf veins and drip 
points were noted. Similarly, this increase in expression of complexity is apparent 
LQ 'DYLG¶V GUDZLQJV of penguins. His first drawing (Figure 14) was simplistic, 
with minimal detail, and depicted a single penguin swimming in the water. In fact, 
'DYLG¶V SUH-intervention Ecoliteracy score of two was the lowest for the whole 
group. 
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Figure 14. Pre-intervention drawing for DavidDQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
$IWHUWKHLQWHUYHQWLRQ'DYLG¶Vecoliteracy increased to seven, however all of his 
points were derived from his interview answers. His drawing, while not as simple 
as the first, depicted no specific knowledge of ecological concepts relating to 
penguins (Figure 15).  
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Figure 15. Post-intervention GUDZLQJIRU'DYLGDQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
Strommen (1995), in a study investigating six-year-olds knowledge of rainforests, 
DOVR IRXQG WKDW FKLOGUHQ¶V GUDZLQJs were much less rich in content than their 
interviews. This supports the argument that interviews are integral not only to 
allow the child to explain the drawing to the researcher, but also as an alternative 
source of expression of knowledge. We can see DDYLG¶VGHYHORSPHQWLQKLVILQDO
drawing (Figure 16) when he was tested five months after the intervention and 
achieved an Ecoliteracy score of 13 (out of 15), one of the highest in the group. 
'DYLG¶V GUDZLQJV LQFUHDVHG LQ FRPSOH[LW\ DV WKH VWXG\ progressed. They 
incorporated more colour, structure, and presence of ecological concepts. Reith 
 S H[SODLQV WKDW µGUDZLQJV EHFRPH PRUH DFFXUDWH DQG GHWDLOHG DV
FKLOGUHQ¶VPHQWDOPRGHOVRIWKHZRUOGEHFRPHPRUHH[WHQVLYHDQGGLIIHUHQWLDWHG¶
Douglas, Klentschy and Worth (2006, p.97) go on to explain: 
When children compose pictures, they employ visual-design features to express their 
understandings. For example, they use colour, size, shape and position of objects to 
express or distinguish important concepts and to depict action, perspective, and salience. 
Snow Drain Igloo 
Boy Clouds Penguin 
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Figure 16. Delayed-post-LQWHUYHQWLRQGUDZLQJIRU'DYLGDQQRWDWHGWRLQGLFDWHFKLOG¶V
description of their drawing 
$OWKRXJK'DYLG¶VJURZWKSRVW-intervention could be at least partially explained as 
a result of the teaching intervention, the reason for his increase in ecoliteracy from 
seven to 13 in the five months following the intervention is not certain, and a 
number of factors may be involved. Firstly, he may have been exposed to 
ecological content in his normal classroom activities that he was able to link with 
content from the teaching intervention, consolidating and expanding his 
conceptual understanding. Secondly, David may simply have been feeling more 
relaxed and confident during the final interview, allowing his full level of 
ecological understanding to be expressed and thus recorded. Indeed, it was noted 
that he was visibly more comfortable in the final interview. 
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6.2.1.2 Food chains 
The results showed that WKH FKLOGUHQ¶V answers increased in breadth and 
understanding after participating in the intervention, and these were generally 
maintained at a higher level. Initially children named animals that were common 
to them, such as fish as prey and sharks as predators. When they were interviewed 
again post-intervention, children listed various prey that they had not encountered 
before the study, such as plankton, krill and squid. For example, Audrey initially 
indicated penguins ate: 
µ0HDWFKLFNHQDQGWKH\GULQNZDWHU¶ 
µ7KHEDE\SHQJXLQ>LQWKHGUDZLQJ@LVJRLQJWRHDWDFXSFDNH¶ 
When asked what animals might eat penguins, Audrey responded:  
µ$OLRQFDQHDWDEDE\SHQJXLQ«WLJHUV¶ 
After the intervention, the child said that penguins eat squid, prawns, and fish. She 
also indicated that sharks and seals might eat penguins. Her initial ideas about 
what penguins eat was clearly influenced by what she herself eats, and this 
SDUDOOHOV:HH¶VILQGLQJWKDWFKLOGUHQUHO\µRQWKH familiar to make sense of science 
FRQFHSWV¶, p. 623). ,QOHDUQLQJDERXWFKLOGUHQ¶VQLQHWR\HDUVROGLGHDV
DERXWWKHHQYLURQPHQW:HHUHSHDWHGO\IRXQGWKDWWKHFKLOGUHQ¶VSK\VLFDO
and social worlds influenced their concept of how they see the world they inhabit. 
For example, children from urban areas were more likely to include buildings in 
their drawings of the environment. 
7KH FKLOGUHQ H[SDQGHG WKH GLYHUVLW\ RI WKHLU NQRZOHGJH RI SHQJXLQ¶V SUH\ DQG
predators, but maintained their ideas about linear food relationships. Given that 
WKH\ DUH YHU\ \RXQJ D FRPSDULVRQ ZLWK /HDFK HW DO¶V VWXGLHV  D
1996b) would indicate a progression towards a more complex understanding of 
interactions with time. Findings of richer knowledge but poor understanding of 
links within systems, has been seen in the children from the current study, and 
those in other studies (Shepardson 2002; Strommen 1995). However, current 
curriculum teaching tends to focus on immediate interactions (i.e. chain-like) and, 
as Strommen (1995) notes, using a systems approach to teaching may help 
children develop a more holistic view. Gallegos et al. (1994) also found children 
(nine to 12 years old) to have difficulties with predator-prey relationships and 
IRRG ZHEV 7KH\ UHFRPPHQG IRRG FKDLQV EH WDXJKW µ«QRW DV D VLPSOH VHW RI
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isolated organisms, but as an interactive population embedded in an ecological 
FRQWH[W¶*DOOHJRV-HUH]DQR	)ORUHV 1994, p.268). This involves beginning with 
the plant as a producer and transformer of solar energy, the different trophic levels 
of consumers, and that organisms live in communities made up on many different 
food chains and food webs.  
The students in the current study DOVR GHDOW ZLWK D ZLGH UDQJH RI SHQJXLQV¶
predators, including those that had been introduced to Australia. Understanding 
that dogs and cats are introduced predators of the Little Penguin required children 
to reconstruct their previous knowledge to form an abstract, and complex 
scientific concept. They first had to connect the link between people and penguins 
OLYLQJ QHDU HDFK RWKHU ZKLFK LV RXWOLQHG LQ -HWW¶V DQVZHU ZKHQ DVNHG ZKDW
animals live in the same place as penguins: 
µ3HRSOH«WKHUHDUHSHQJXLQVLQ$XVWUDOLDZKHUHSHRSOHOLYH¶ 
7KH\WKHQKDGWRIRUPDQRWKHUOLQNWRHVWDEOLVKWKHLQWURGXFHGSUHGDWRUV¶SRVLWLRQ
LQWKHFRPSOH[UHODWLRQVKLSDVVHHQLQ-HWW¶VFRPPHQW 
µ6RPHSHRSOHKDYHSHWV WKDW OLYH LQ WKHLUSODFHDQG WKH\VRPHWLPHVEULQJ WKHLUSHWZLWK 
WKHP«GRJVVRPHSHWVHDWSHQJXLQV¶ 
 This shows they clearly have the potential to think more laterally about 
interactions, as evidenced in discussions about the impact of dogs and cats on 
penguin communities, and this could be built into future interventions. However, 
this ability to reason within a complex system has been shown to be problematic 
for older children (Gotwals & Songer 2010), so revisiting the context in early 
education will be required to enhance such thinking. Most previous studies of 
food chains and interactions have only collected data on FKLOGUHQ¶V H[LVWLQJ
knowledge. The findings from the current study have therefore extended 
understanding of change in knowledge and reasoning as children experience novel 
information and activities, and has shown the potential for designing teaching 
activities which target thinking about the dynamics of complex interactions. 
6.2.1.3 Biodiversity 
At the beginning of the study, the children were only familiar with the Emperor 
penguin, however by the end of the follow-up period they were able to name 
many different species of penguin including the Rockhopper, King, Macaroni and 
Little Penguin. Lindemann-Matthies (2002) also found that children, after 
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participating in an education program that focussed on biodiversity, were able to 
name specific organisms and used general taxonomic units (e.g. trees, flowers) 
less. For one student, Sofia, this was a personal achievement as evidenced in her 
comment about what she learnt: 
µ/HDUQLQJ DOO WKH SHQJXLQV QDPHV«VR ZKHQ , look in the map book, I can say the 
SHQJXLQVQDPHV¶ 
$Q HQFRXUDJLQJ DVSHFW RI WKLV VWXG\ LV WKDW WKH FKLOGUHQ¶V NQRZOHGJH RI
biodiversity increased after the intervention, and was maintained five months 
later, despite the intervention only lasting for approximately four hours. 
Lindemann-Matthies (2002) concluded from their study that the more time the 
teachers were able to spend on the educational program, the greater variety of 
species the children were able to name (on average, their subjects were exposed to 
17 hours of lessons).   
The students recalled that there exists diversity in size amongst penguin species, 
with the Little Penguin being the smallest and the Emperor the largest in size. 
Furthermore, they were able to correctly name a number of different animals that 
coexist with penguins including sharks, fish, seals and whales. When other 
animals were discussed, dogs and cats were frequently mentioned. The notion that 
these domestic animals pose a threat to penguins as introduced predators was 
strongly received by the children. The children recognised the link between 
animals that live near penguins, and those that are a part of their food web. This is 
outlined in the following comment when Zara was asked what animals live with 
penguins: 
µ%ODFNZKDOHVDQGGROSKLQVDQGZKDOHV«WKH\ZRXOGEHSUHGDWRUVE\DOO WKRVHDQLPDOV
0D\EHKXPDQVEHFDXVHWKH\PLJKWJRKXQWLQJIRUSHQJXLQV¶ 
She also brings up the interesting concept of humans both cohabiting with 
penguins, and being their predator. This link was made by seven students (28%) 
in total. In contrast, Shepardson et al. (2007) IRXQGWKDWFKLOGUHQ¶V DJHGQLQHWR
16 years) mental models of the environment did not involve any substantial 
human interactions. However, if the child lived in an urban setting, they were 
more likely to include humans in their drawings of the environment. 
Despite increasing their biodiversity knowledge of penguins, students still 
incorrectly believed that polar bears live near penguins; a common misconception 
held by children and adults around the world (Palmer, Suggate & Matthews 1996; 
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Palmer et al. 1999). Some students also provided nonsensical answers that, while 
VFLHQWLILFDOO\ LQDFFXUDWH SURYLGH LQVLJKWV LQWR FKLOGUHQ¶V WKLQNLQJZKLFKZLOO EH
helpful and illuminative for teachers aiming to establish existing knowledge bases 
of children entering school. For example, when asked what other animals live 
ZLWK SHQJXLQV WZR FKLOGUHQ VDLG µ6DQWD¶ OLQNLQJ SHQJXLQVZLWK WKH1RUWK 3ROH
and the misconception that penguins reside in the northern hemisphere (all 
penguins reside in the southern hemisphere).  Strommen (1995) found similarly 
confused results when he asked six-year-old children what animals live in a forest. 
Interestingly, 22.5% (n=20) thought that penguins live in forests. This holds 
parallels with the children from the current study who thought that typically 
forest-dwelling animals such as lions and tigers also live with penguins. Like this 
study, Strommen (1995) also found that children had a tendency to list carnivores 
and exotic animals when asked which animals live in a certain place. 
6.2.1.4 Animal behaviour 
:KLOH SHQJXLQ EHKDYLRXUV GRPLQDWHG FKLOGUHQ¶V UHVSRQVHV LQ WKH.:/ FKDUW WR
µ:KDWZHNQRZ¶DQGµ:KDWZHZDQWWRNQRZ¶DERXWSHQJXLQVWKH\RQO\SURYLGHG
one behaviouU ZKHQ DVNHG µ:KDW ZH KDYH OHDUQW¶ DERXW SHQJXLQV QDPHO\ WKDW
penguins protect their babies. Statistically, this concept did not score as well as 
the others (see Table 43), DOWKRXJK WKH FKLOGUHQ¶V DQLPDO EHKDYLRXU VFRUH GLG
increase at each stage of the study. One reason for this concept scoring lower than 
the others could be because there was no specific question about it in the 
FKLOGUHQ¶V LQGLYLGXDO interviews (see Appendix A). While children were able to 
score extra points for, say, food chains, when asNHG WKH TXHVWLRQ µ:KDW GR
SHQJXLQVHDW"¶WKH\ZHUHRQO\DEOHWRVFRUHSRLQWVIRUDQLPDOEHKDYLRXULILWZDV
mentioned when discussing their drawing or if it came up spontaneously in the 
remaining parts of the interview. The behaviours and interactions that the children 
did describe related mostly with feeding and hunting, usually with the penguins 
existing in families and often with the child putting themselves in the drawing as 
one of the penguins. This is illustrated well in the drawings of Zara. In her pre-
intervention drawing (Figure 17), Zara has depicted a family of penguins in a 
FDUSHWHGORJKRXVH7KHEDE\SHQJXLQLVH[KLELWLQJEHKDYLRXUVW\SLFDORIDFKLOG¶V
night-time routine. This is reinforced in her interview dialogue: 
  131 
µ7KLV LV D EDE\ SHQJXLQ DQG LW¶V LQ WKH EDWK«ZKHQ LW JHWV RXW KHU PXPP\ ZLOO GU\
KHU«ZKHQ WKHEDE\SHQJXLQZLOOJHWRXW , WKLQN LWZLOO VWDUW WRZDWFK79«DQG WKHQ LW
ZLOOJRWREHGDQGPD\EHKHUPXPZLOOUHDGKHUDVWRU\¶ 
 
 
 
 
 
Figure 17. Pre-LQWHUYHQWLRQGUDZLQJIRU=DUDDQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing  
After the teaching intervention, the anthropomorphic slant has been retained, with 
the mother penguin sleeping in a bed (Figure 18). There is also a fantasy element 
of a snowman that can talk.  
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Figure 18. Post-intervention GUDZLQJIRU=DUDDQQRWDWHGWRLQGLFDWHFKLOG¶VGHVFULSWLRQRI
their drawing 
Interestingly, it is not until five months later, that Zara shows a development in 
understanding of animal behaviours. This time, she portrays behaviours that are 
appropriate to penguins, not humans, such as hunting, swimming, and eating fish 
(Figure 19).  
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Figure 19. Delayed-post-intervention GUDZLQJIRU=DUDDQQRWDWHGWRLQGLFDWHFKLOG¶V
description of their drawing 
This case illustrates the situation for many students in the current study; that is, 
they can hold both anthropomorphic and scientific views simultaneously. 
However, having anthropomorphic ideas did not necessarily slow down their 
progress, and whilst the teaching intervention did not employ aspects of 
anthropomorphism, neither was it discouraged if the children raised the idea. As 
Gebhard, Nevers and Billman-0DKHFKD  S KDYH DUJXHG µLI
anthropomorphism is indeed indicative of a kind of categorical identity that 
permits nature to be moralized then it might be something we should nurture 
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rDWKHU WKDQHOLPLQDWH¶ Tam, Lee and Chao (2013) found no negative impacts of 
students holding anthropomorphic views; instead it actually increased their 
conservation behaviours. This clearly holds significance for further interventions 
that focus on teaching of ecological concepts to foster ecoliteracy.  
6.2.1.5 Environmental issues 
This study also explored the values and attitudes that children have about 
penguins and their associated environmental issues. Ecoliterate people exhibit 
empathy towards the environment and other forms of life (Goleman, Bennett & 
Barlow 2012), and young children often show compassion for other living things 
and begin to think about sustainability issues from an early age (Davis 2010). This 
quality can clearly be supported and developed by exposing children to lessons 
that encourage them to consider the part humans play in their broader community, 
and since engaging in the intervention lessons, the children showed an increase in 
their knowledge and awareness of environmental issues.   
$W WKH EHJLQQLQJ RI WKH VWXG\ FKLOGUHQ¶V perceptions of problems faced by 
penguins involved anthropomorphic situations such as not having friends, or 
slipping on the ice and hurting themselves. However, once children were exposed 
to examples of various environmental issues relating to the Little Penguin, they 
began to form scientific understandings and were able to discuss four major 
threats to the penguin, namely: overfishing, introduced predators, oil spills, and 
littering. 0DU\¶V ILQDO GUDZLQJ DW delayed-post-intervention, depicted a person 
fishing (Figure 20). When asked to describe her drawing, she said: 
µ7KLVRQH¶V >WKHSHUVRQ@ILVKLQJ WRRPXFKILVKHYHU\GD\VR WKDW¶VZK\,SXWDFURVVRQ
KLP¶ 
When asked to explain why that posed a problem for the penguin, Mary 
confidently replied: 
µ%HFDXVHLWZRQ¶WKDYHDQ\PRUHILVK«IRULWWRHDW«VRWKHUHPLJKWQRWEHHQRXJKIRRG
IRULW&RVKHILVKHVWRRPXFKWKLQJVWKDWWKHSHQJXLQHDWV¶ 
Mary was then asked what we could do to help fix that problem: 
µ:HFRXOG MXVWVWRSDQGEX\LW>ILVK@IURPWKHILVKPDUNHW¶ 
To challenge the student further, it was pointed out that the fish still need to be 
caught by people to be sold at the fish market. Mary responded with:  
µ7KH\FRXOGMXVWILVKDOLWWOHELWRIILVK«MXVWILVh one day or two or three. And then they 
FRXOGMXVWVWRSILVKLQJDIWHUWKRVHGD\V¶ 
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Figure 20. Delayed-post-intervention GUDZLQJIRU0DU\DQQRWDWHGWRLQGLFDWHFKLOG¶V
description of their drawing 
0DU\¶VUHDVRQLQJUHYHDOVWKHDUWLFXODWLRQRIJRRGVXVWDLQDEOHSUDFWLFH'L[RQDQG
Birchenough (2005) also encountered sensible and sophisticated management 
suggestions from their test subjects (7-16 year olds) when asked to propose 
UHFRPPHQGDWLRQV IRU ORFDO VLWHV WKDW ZHUH LQKDELWHG E\ ELUGV 7KH FKLOGUHQ¶V
recommendations for the management of the local habitat included: restricting 
public access (including dogs), establishing wildlife refuges, providing 
information boards for visitors, and keeping the site free of rubbish. The authors 
argued that, given appropriate instruction, experience, and mentoring, even young 
children could contribute to community conservation programs. 
Fish 
͞dŽŽ
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Another common environmental issue discussed by the children was the threat of 
introduced predators to penguins. Perceiving pets as introduced predators was a 
challenging concept for tKHFKLOGUHQDQGZDVRIWHQFLWHG IRUH[DPSOH LQ=DUD¶V
post-test interview directly after the intervention: 
µ'RJV«WKHSHQJXLQ¶VQRWVRIDVWRQODQG«WKHGRJZLOOFDWFKWKHSHQJXLQDQGZLOOHDWLW 
and the penguin would die¶ 
When asked what we could do to help the penguins in this situation, she said: 
µ:KHQVRPHRQH¶VWKHUHWKH\FRXOGVWD\³VWRS´VRWKH\FRXOGJXDUGLWOLNHWKDW>gestures] 
E\SXWWLQJ\RXUKDQGVRXW¶ 
While her answer lacks complexity, it does refer to human mediation in regards to 
introduced predators and also shows empathy for the penguins and need to protect 
WKHP 2WKHU VWXGHQWV DOVR VXJJHVWHG SXWWLQJ EHOOV RQ FDWV¶ FROODUV SXWWLQJ XS
IHQFHVWRSURWHFWWKHSHQJXLQVDQGOHDYLQJFDWVDQGGRJVDWKRPHVRWKH\FRXOGQ¶W
attack the penguins. In another Australian study (Gambino, Davis & Rowntree 
2009) four and five year olds were tested on their knowledge of the Greater Bilby, 
EHIRUH DQG DIWHU D WHDFKLQJ LQWHUYHQWLRQ:KHQ ILUVW WHVWHG WKH FKLOGUHQ¶V SULRU
knowledge of the plight of the endangered marsupial was lacking, however, after 
the field excursion, the children were able to discuss their concern of the threats 
that the bilbies face, most commonly citing predation by foxes and feral cats. 
Further, interviews with Teacher A after the completion of the study revealed that 
the students continued to display knowledge transfer by voluntarily discussing 
penguins as prey when completing information reports on dogs: 
µ7KH\GLGGHILQLWHO\ZULWHDERXWLWDQGWKH\GLVFXVVHGLW:KHQ,DPUHDGLQJWRWKHP«
VWRULHV«WKH\XVHWKLVNLQGRIODQJXDJHWRLQWHUSUHWWKHVWRU\,WLVPRYLQJRXWLQWRRWKHU
ILHOGV\HV«$QGEHFRPLQJSDUWRIWKHLUHYHU\GD\XQGHUVWDQGLQJRIWKHZRUOG¶ 
Gambino, Davis and Rowntree (2009) reported similar results when their students 
compared the endangered status of the Northern Hairy-Nosed Wombat 
(Lasiorhinus krefftii) to that of the Bilby. Indeed, thorough understanding of 
concepts should include recognising and referring to them in a different context. 
Vygotsky (1987) regardeGDFKLOG¶V capacity to use a concept voluntarily to show 
strength in scientific understanding. :KHQ DVNHG LI WKH\¶G QRWLFHG DQ\ FKDQJHV
DQGLPSURYHPHQWVLQWKHFKLOGUHQ¶VHFROLWHUDF\VLQFHWKHXQLW7HDFKHU$VDLG 
µ,EHOLHYHVR,EHOLHYHWKDWWKH\DUH PRUHDZDUHRIWKHQHHGVRIDOOOLYLQJWKLQJV¶ 
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&KDQJHVLQFKLOGUHQ¶VOHYHORIHFROLWHUDF\ 
Following the intervention, the results indicated that children have a sophisticated 
(medium to high) level of ecoliteracy. The mean ecoliteracy score of the children 
at post-intervention was 10.4 (out of a possible score of 15) and 10.1 at delayed-
post-intervention. Children discussed complex ecological ideas spanning all of the 
ecological categories.  
6.2.3 Answer to Research Question Two 
The teaching intervention did have an effect on the kindergarten children in this 
study as their ecoliteracy was strengthened, and maintained, after a period of time. 
The children advanced the content and extent of their knowledge, as well as 
displaying developed attitudes and awareness in regards to environmental issues.  
6.3 Research question three  
The third research question is: What factors promote enhanced ecoliteracy in 
young children? 
The teaching intervention was designed to improve learning outcomes for 
kinderJDUWHQ FKLOGUHQ¶V HFROLWHUDF\ E\ GHYHORSLQJ D OHDUQLQJ SURJUDPPH
connected to the curriculum and using quality resources, with the aim of 
improving WHDFKHU¶V FRQILGHQFH DQG FRPSHWHQFH IRU WHDFKLQJ VFLHQFH An 
assessment of the teaching intervention by the researcher and through analysis of 
WKHVWXGHQWV¶DQGWHDFKHUV¶interviews found that ecoliteracy was increased by: 
1) The use of an early childhood science model; 
2) The inclusion of quality resources; 
3) Multi-modal methods of teaching; and 
4) 7HDFKHU¶VDWWLWXGHWRVFLHQFHLQWKHFODVVURRP 
Each is discussed with reference to quotes from teachers and students. 
6.3.1 Early childhood science model 
The teaching intervention used in this study was developed based on an early 
childhood science model incorporating effective science pedagogy for young 
children (refer to Table 6). As with a guided inquiry approach, it supports hands-
on and explorative learning experiences, encourages curiosity, develops 
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knowledge and understanding of scientific ideas, and acknowledges children as 
natural scientists (Crawford 2007). By focussing the intervention on penguins, and 
specifically the local species the Little Penguin, the content proved relevant and 
IDPLOLDU WR VWXGHQWV¶ LQWHUHVWV DQG SURYLGHG WKHLU OHDUQLQJ ZLth purpose and 
meaning (Loxley et al. 2013). In addition, scaffolding made the learning more 
manageable for students by converting complex tasks into ones that were 
DFFHVVLEOH DQG ZLWKLQ WKH VWXGHQW¶V ]RQH RI SUR[LPDO GHYHORSPHQW 9\JRWVN\
1978). The interYHQWLRQ¶VOHVVRQSODQVZHUHGHVLJQHGZLWKWKHWDUJHWDXGLHQFHLQ
PLQG XWLOLVLQJ VKRUW VKDUS DFWLYLWLHV WR PDLQWDLQ \RXQJ FKLOGUHQ¶V LQWHUHVW DQG
spark their enthusiasm, leaving no child unengaged. This was stated in Teacher 
$¶VUHYLHZ: 
µ1R,GRQ¶WUHPHPEer any parts of the lessons that were dead. You make a plan and you 
have too much on purpose, so the parts that work well«and you keep going if something 
is working really well but I mean [the researcher] is quite good at judging that and she 
also wanted tRJLYHDOONLGVDWXUQEHFDXVHHVSHFLDOO\ZLWKNLQGHUJDUWHQ\RXGRQ¶WZDQW
them just sitting there for a long period of time«WKH\ORVHLQWHUHVWLIWKH\¶UHQRWKDYLQJD
go. So she engaged them as much as possible, gave people turns to put things up where 
HYHUWKHUHZHUHIHOWERDUGVVRVKHPDGHVXUHSHRSOHZHUHLQWHUDFWLQJVRWKHUHZHUHQ¶WDQ\
GHDGSDUWVLQWKHOHVVRQ¶ 
A considerable amount of time was spent with the children in discussion ± what 
they knew of a topic, what they were learning, or what they had learnt. This 
process involved questioning and was inclusive of all students. As Loxley et al. 
(2013 p.55) SRLQWRXW µWhe ability of a child to talk about a concept is linked to 
WKHLUXQGHUVWDQGLQJRILW¶WKXVVXSSRUWLQJWKHXVHRIWDONLQWKHFODVVURom. During 
the intervention, children were regularly invited to offer their ideas and share 
information with one another and the group. This practice enabled them to 
challenge others and their own thinking. The success of this method is 
H[HPSOLILHG LQ$P\¶s comment when she was asked what helped her learn the 
most: 
µ:KHQZHDVNHGTXHVWLRQV«because then you could think and maybe find someone else 
ZKRZRXOGNQRZWKHDQVZHU¶ 
One of the characteristics suggested in the early childhood model is to allow time 
and depth for exploration of content, in order for children to form conceptual 
knowledge from multiple experiences and to encourage transference of conceptual 
understanding. While it was not feasible in the current study to dedicate an 
extended amount of time on the teaching intervention, every effort was made to 
explore the ecological concepts on multiple levels (see Section 6.3.3) and 
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VLJQLILFDQW LPSURYHPHQWV LQ FKLOGUHQ¶V HFROLWHUDF\ ZHUH QHYHUWKHOHVV attained. 
Other studies have also employed short interventions with successful results (see: 
Bowker 2007; Drissner et al. 2013; Lindemann-Matthies 2002). 
6.3.2 Quality resources 
Curriculum resources, or curriculum materials, are an important factor in how 
science is taught in the classroom. Davis and Krajcik (2005, p.3) define educative 
curriculum materials as materials that LQFUHDVH WHDFKHUV¶ NQRZOHGJH LQ VSHFLILF
instances of instructional decision-making, but also help them develop more 
general knowledge that they can apply flexibly in new situations. This teaching 
intervention used a range of different resources to assist in the teaching of 
ecological concepts using penguins. 7HDFKHUV¶DFFHVVWRFXUULFXOXPPDWHULDOVDQG
how they use them are key considerations in their teaching of science, and 
research has found that primary teachers are particularly reliant on curriculum 
materials when teaching science (Grossman & Thompson 2004; Mulholland & 
Wallace 2005). This is a concern if the materials are of poor quality, disconnected 
from curriculum documents, or mismaWFKHG ZLWK VWXGHQWV¶ OHYHO RI learning 
(Schwarz et al. 2008). Thus, it is crucial for teachers to have access to resources 
that are of high quality, be matched to necessary standards-based criteria, and 
have been shown to affect change in student learning. Based on the feedback from 
the teachers and students involved in the study, the most successful resources used 
in the intervention were: the penguin mount, world map, and the lesson plans. 
While this study was unable to incorporate an outdoor/field excursion element due 
to limitations of time and transport, the researcher brought the penguins to the 
classroom. A stuffed and mounted Little Penguin, Eudyptula minor, was passed 
around the class so that all students had the experience of being able to touch and 
see the penguin up close. The experience allowed the children to note interesting 
aspects such as its relative size (the Little Penguin is the smallest of the 17 species 
of penguin), and feather colours (it is also called the Blue Penguin due to the 
bluish tinge of its feathers on its head and back). This was indeed educationally 
beneficial as another study (n=495) found only 25% of 7-15 year old children 
NQHZDSHQJXLQ¶VERG\ LVFRYHUHG LQ feathers, while 32% thought that penguins 
are covered in hair, and 43% thought they had uncovered skin (Prokop, Kubiatko 
	)DQþRYLþRYi2007). David, along with the majority of the children (18 out of 25 
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children talked fondly of the stuffed penguin in their interviews), found this 
experience very stimulating and memorable. In his final interview, when asked 
what part of the teaching intervention helped him remember the most, David 
answered: 
µ:KHQZHKHOGWKHSHQJXLQ«EHFDXVH QRZ,NQRZZKDWWKH\ORRNOLNH¶ 
And when asked which part of the lessons he enjoyed the most, David again 
spoke of the stuffed penguin: 
µ«ZKHQZHJRWWRORRNVHHWKHGHDGSHQJXLQ«EHFDXVH,ZDQWHGWRNQRZZKDWSHQJXLQV
ORRNOLNH«LWZDVJRRG«SHQJXLQVDUHVRIW¶ 
The use of the mounted penguin also had a positive effect on the teachers, with 
the teacher from School A saying:  
µ«WKHDFWXDOVWXIIHGSHQJXLQ«WKDWZDVYHU\SRSXODU«LWZDVLQWHUHVWLQJZKHQQRQHRI
WKHP LQFOXGLQJPH KDG HYHU WRXFKHG D SHQJXLQ 2EYLRXVO\ \RX GRQ¶W JHW WR WRXFK D
penguin live or dead.  So you think of it as a bird but it was interesting for them to touch 
LW EHFDXVH DOWKRXJK LW¶V D ELUG LW¶V QRW IHDWKHU\ OLNH DQ RUGLQDU\ ELUG VR WKDW ZDV DQ
LQWHUHVWLQJWKLQJ¶ 
The use of this visual, tactile artefact made a strong impression on the children. 
Other researchers recommend using taxidermy birds, as opposed to still two-
dimensional images, when teaching about birds (Prokop, Kubiatko & 
)DQþRYLþRYi5DQGLHUWRHQFRXUDJHOHDUQLQJ 
The concepts of biodiversity and habitat were taught with the support of a world 
map: a full-colour, 140cm x 100cm, laminated poster of the world. Its large size 
allowed it to be visually accessible to all students at all times, and a focus for the 
interactive activity.   
The teacher from School A commended the world map resource: 
µ7KHPDSZDV JRRd because we had done a little bit about maps, north and south, the 
equator and things like that already so that fitted in already with some of their prior 
NQRZOHGJH%XWWKH\GLGQ¶WNQRZWKDWPXFKDERXWLWZH¶GMXVWWDONHGDERXWLWJHQHUDOO\
so that was really good, it reinforced the idea of the northern, southern hemisphere, the 
HTXDWRU«WKDWZDVVRPHWKLQJWKDWZDVQ¶WYHU\FOHDUWRWKHPEHIRUH,OLNHWKDWDQG,IHOW
WKDWWKH\XQGHUVWRRGWKDWPXFKPRUHDIWHU>WKHUHVHDUFKHU¶V@OHVVRQWKDQDIWHUPHWDONLQg 
DERXW LW«VKH KDG JRRG UHVRXUFHV6KHKDGELJPDSV SXW WKHPXS VKHKDGSLFWXUHVRI
penguins that you could stick on and things and that was good, that was stimulating... it 
ZDV LQWHUDFWLYH LW ZDVQ¶W MXVW KHU RXW WKH IURQW GRLQJ LW E\ KHUVHOI VR WKDW ZDs a good 
WKLQJ¶ 
The children enjoyed working with the map, and based on their comments, it 
clearly assisted in their learning:  
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µSRPHSHRSOHJRWWRVWLFNRQWKHPDSWKHSHQJXLQV«VWLFNLQJRQWKHSHQJXLQVWKDWOLYHG
LQ HDFK SODFH«LW ZDV YHU\ VWUDQJH KRZ WKH\ DOO OLYHG LQ GLIIHUHQW FRXQWULHV SODFHV«,
WKRXJKWWKH\MXVWOLYHGLQWKHFROGSODFHV¶ (Mary) 
 
µ:KHQZHZHUHGRLQJWKHPDS«EHFDXVH\RXFRXOGVHHDOOWKHGLIIHUHQWNLQGVRISHQJXLQV
DQG,GLGQ¶WNQRZWKDWWKHUHZDVWKDWPDQ\SHQJXLQVLQWKHZRUOG«WKH\OLYH in different 
SODFHVDQGVRPHDUHGLIIHUHQWNLQGRISHQJXLQV¶ (Amy) 
Other authors have found that very young children are capable of reading and 
interpreting maps (Acheson, Bednarz & Bednarz 2006; Liben 2009).  
Lastly, the lesson plans themselves can be considered a valuable resource. 
Designed with primary teachers in mind, they are written to be easily adapted to 
suit individual classes and student needs (see Section 4.3). The lesson plans 
clearly outline the lesson aims, resources needed, and new vocabulary required. 
They also state the relevant standards addressed from compulsory curriculum 
documents, such as the NSW K-6 Syllabus, Environmental Education Policy for 
Schools and the Quality Teaching Framework. Teacher B had this to say about 
whether she would use the lesson plans:  
µ'HILQLWHO\ LW KDG WKH 2XWFRPHV OLVWHG WKHUH DV ZHOO , WKLQN WHDFKHUV DUH PRUH ZLOOLQJ
ZKHQWKH\UHDOLVHWKH\FDQWLFNRIIWKH2XWFRPHV«,WKLQNLIWKH\UHDOLVHWKHUHLVDUHDOO\
good pXUSRVHEHKLQGLWEHFDXVHLWLVUHTXLUHGLW¶VSDUWRIWKHV\OODEXVLWFDQEHDFWXDOO\
incorporated and replace something that might be a bit old then they might be a bit more 
motivated to do it cause often teachers will stick to their program they have done before 
rather than take on another thing - WKH\FDOOLWDFURZGHGFXUULFXOXP¶ 
 
Further, Teacher A said:  
µ, WKLQNZKDWSHRSOHQHHGWRNQRZ«ZKDW¶VDYDLODEOH WKH\QHHGWRNQRZWKDWWKHUHDUH
WKRVHNLQGRIWKLQJV«3HRSOHDUHQRWJRLQJWRZULWHWKHLURZQUnits, you can of course, 
\RXGRQ¶WKDYHWRXVHWKHVH\RXFDQGRZKDWHYHU\RXOLNHDVORQJDV\RXDUHFRYHULQJWKH
areas that are required but people probably are not going to be doing that so people want 
things I would think, people want something that will fit in with those Units so something 
like this where you can see where this would be a really good introductory activity to 
JHW¶ 
6.3.3 Multi-modal teaching 
Based on the data collected a convincing argument can be made for the 
encouragement of learning experiences that include well-planned tasks that are 
multimodal, sequential and connected and take account of an identified 
progression in the development of accurate concepts relating to environmental 
matters. It has long been recognized that multiple representations (mediums of 
communication, thinking, and problem solving), are important for science 
learning (Aldrich & Sheppard 2000; Beichner 1994; Britton 2005; Roth & Bowen 
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2003). Teaching science, therefore, should focus on introducing and negotiating 
various representational resources though which students can explore and interpret 
phenomena (Tytler, Peterson & Prain 2006). 
In this study, children were read the storybooks The Penguin That Walks At Night 
(Reilly 1995) and Oil Spill (Oktober 1999). The books provided a visual and aural 
stimulus whilst teaching the ecological concepts involved in ecoliteracy, 
LQWURGXFHGQHZYRFDEXODU\DQGSURYRNHGFKLOGUHQ¶VWKLQNLQJZKHQGLVFXVVLQJWKH
content. This supports Fleener and Bucher (2003/2004, p.77) who assert that 
LQYROYLQJ WKH HOHPHQW RI VWRU\ LQWR \RXQJ FKLOGUHQ¶V OHDUQLQJ FDQ LQFUHDVH
connections and relevance for the learners, thus encouraging the development of 
higher level thinking skills and understanding of scientific concepts. Linking 
science learning with fictional books allows students to consider and consolidate 
complex concepts, whilst being immersed in a familiar framework of language 
and narrative (Jan 1993). Indeed, Christenson (2004) found that the inclusion of 
FKLOGUHQ¶VOLWHUDWXUHZKHQWHDFKing environmental issues in the primary classroom 
led to an increase in children using new and relevant vocabulary correctly, as well 
as improving their critical thinking skills. 
'UDPDZDVLQFRUSRUDWHGLQWRWKHLQWHUYHQWLRQWKURXJKWKHFKLOGUHQ¶VUH-enactment 
of the story The Penguin That Walks At Night (Reilly 1995). This method of 
participatory stimulation derives some of its benefits from the fact that it serves as 
a form of embodied play where children use their bodies and movements to enact 
a scene or situation, encouraging children to connect and explore content on an 
emotional and cognitive level. In this case, they were enacting the behaviours of 
Little Penguins coming onto shore to nest after a day of fishing. This is an activity 
that young children are quite competent at, are familiar with from an early age, 
and which is closely tied to the development of symbolic representation 
(Nicolopoulou 1993; Piaget 1952). Another study that tested five and six-year-
olds recall of an unfamiliar story (Silvern et. al. 1986) after exposure to an 
experimental treatment whereby students acted out the story that had just heard, or 
a control treatment, where after hearing the story, children returned to their usual 
classroom lessons found that children who engaged in dramatic play after the 
storytelling scored better when asked to recall the story than the children who did 
not engage in dramatic play, supporting this technique of multimodal learning for 
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FRQVROLGDWLQJ VWXGHQWV¶ OHDUQLQJ. Further, Loxley et al. (2013) concur that 
including drama in teaching and learning science encourages students to 
communicate their ideas and knowledge in creative ways, whilst being a 
motivating and memorable learning experience.  
The nature of the lessons being multi-modal allowed students to make stronger 
connections with and between the ecological concepts explored, as well as 
promoting enjoyment of learning. The children showed genuine enthusiasm and 
engagement in their learning and this was evident when students would make 
positive remarks during the teaching intervention. 
7HDFKHU¶VDWWLWXGHWRVFLHQFHLQWKHFODVVURRP 
There exists a long-VWDQGLQJ FRQFHUQ ZLWK SULPDU\ WHDFKHUV¶ DELOLW\ DQG
willingness to teach science (Keys 2005). As discussed in the Literature Review 
(Chapter 2), part of the reason why science is considered to be taught poorly in 
primary school is a lack of teacher confidence in teaching science (Appleton 
1995; Harlen & Qualter 2009; Palmer 2001; Yates & Goodrum 1990). As most 
primary teachers have no specialist science education beyond Year 12 (Hackling 
& Prain 2005), the intervention was designed to allow primary teachers to feel 
comfortable and confident in teaching science in their classroom. It is proposed 
that this study provides a set of lessons that will support a primary teacher to 
effectively and confidently teach ecology in the classroom, through 
comprehensive lesson plans that are supported by empirical evidence to 
effectiveO\LQFUHDVHFKLOGUHQ¶VHFRORJLFDONQRZOHGJHDQGXQGHUVWDQGLQJ 
Besides a lack of confidence, other factors that are seen as limiting primary 
WHDFKHUV¶ DELOLW\ WR WHDFK VFLHQFH HIIHFWLYHO\ DUH DQ LQFRPSOHWHXQGHUVWDQGLQJRI
science concepts (Harlen 1997; Harlen & Holroyd 1997; Kruger & Summers 
1989) and a lack of enthusiasm for delivering engaging science lessons (Osborne 
& Simon 1996). Science teaching has been shown to be a challenge for many 
primary school teachers (BOS 1996; Goodrum, Hackling, & Rennie 2001; Harlen 
& Holroyd 1997; Osborne & Simon 1996). Not only do they need relevant 
scientific knowledge, they need to be able to teach in ways that enable children to 
learn science. Effective science education relies on teachers who are broadly and 
deeply knowledgeable and sufficiently confident in their knowledge to be able to 
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change and innovate (Sandall 2003). The researcher, who both designed and 
implemented the teaching intervention, holds degrees in both science and teacher 
education. Having a solid grasp of science content, as well as experience in 
teaching young children undoubtedly contributed to the success of the study. 
Fostering a sense of wonder for science learning and discovery is driven by the 
WHDFKHU¶V HQWKXVLDVP LQ GHOLYHULQJ WKH VXEMHFW 7Ke Australian School Science 
Education National Action Plan 2008-KLJKOLJKWVWKHWHDFKHU¶VUROHLQVFLHQFH
WHDFKLQJ µ7KH WHDFKHU LV D FULWLFDO IDFWRU LQ GHWHUPLQLQJ VWXGHQWV¶ LQWHUHVW DQG
motivation to learn science because it is the teacher who implements the science 
FXUULFXOXP¶*RRGUXP	5HQQLHSThe researcher aimed to engage the 
children and spark their curiosity from the moment she entered the classroom. 
This was achieved by: having a positive attitude, asking questions, modelling 
appropriate behaviours, and exhibiting a strong passion for the content that was 
taught. As Teacher A pointed out in her review: 
Most kindergarten kids are reasonably interested in anything if you present it the right 
way you know. They still want to learn, they still are very open to learning and I think 
science is an area where it is really easy to engage kindergarten kids. 
7KH OHVVRQV WKHPVHOYHVDOVRSOD\HGDSDUW LQPRWLYDWLQJ WKHVWXGHQWV¶ LQWHUHVW LQ
science. Activities were chosen and designed to be engaging and inclusive for all 
children. Teacher A noticed this when she reported on whether the intervention 
engaged the children: 
Definitely. There are a whole lot of ways obviously. Penguins are popular because of 
+DSS\)HHW 7KH\ OLNHSHQJXLQV6R \RX¶UH VWDUWLQJZLWK VRPHWKLQJ DWWUDFWLYH<RX¶YH
FKRVHQDJRRGDQLPDO«WKH\NQRZVRPHWKLQJDERXWZKDWWKH\HDWWKH\NQRZVRPHWKLQJ
about how they move, they know something about where at least some of them live from 
that so they have some kind of background information... penguins are something that 
people just like so from that point of view it was an immediately an appealing topic I 
would think.  
$QRWKHU LPSRUWDQW DVSHFW RI D WHDFKHU¶V DWWLWXGH ZKHQ WHDFKLQJ VFLHQFH in the 
primary classroom, and specifically environmental issues, is to focus on positive, 
proactive solutions to perceived problems. Attitudes displayed by the teacher are 
crucial in shaping the quality of the learning experience for the children (Loxley et 
al. 2013). When learning about environmental concerns, there is often a greater 
emphasis put on how humans have negatively impacted the environment, as 
opposed to what can be done to care for it (Hudson 2001). This focus on damage 
and destruction may cause teachers to hesitate introducing such content with 
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young children. An ethic of hope is essential when teaching environmental 
education, and hopefulness can be nurtured and strengthened from a young age 
(Davis 2010). Whilst the environmental issues being taught may suggest an 
uncertain future, a sense of hope allows people to view the future with confidence 
and purpose. When hope is cultivated from an early age, along with a sound 
knowledge base, children are able to confront problems and identify solutions. 
Davis (2010) encourages educators to explore hopeful ways of teaching that are 
positive and provide opportunities for action. The teaching of environmental 
issues in the intervention empowered children by presenting a potential problem 
for penguins alongside its suggested solution. This was further supported in the 
student interviews, as they were asked to share what problems penguins might 
have, as well as what we could do to help them (see Appendix A).  
6.3.5 Answer to Research Question Three 
Ecoliteracy was enhanced in young children through the use of a teaching 
intervention that incorporated features from an early childhood science model, 
quality resources, and multiple modes of teaching. Another contributing factor 
ZDVWKHUHVHDUFKHU¶VDWWLWXGHZKHQWHDFKLQJWKHFRQWHQW 
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 &RQFOXVLRQ 
The current study aimed to explore \RXQJFKLOGUHQ¶VXQGHUVWDQGLQJRIHFRORJLFDO
concepts, before and after a teaching intervention. Several key findings were 
generated from the current study. Young children already have some knowledge 
of environmental issues. They are capable of learning sophisticated scientific 
concepts and are able to transfer this newly acquired knowledge to other areas. 
They show compassion and awareness of environmental concerns, and offer 
sensible solutions.  
7.1 Implications for teachers  
A major outcome of the study is to inform the planning of teaching and education 
programs in the realm of ecological science, so that implementation of these 
curriculum areas is underpinned by sound academic and theoretical perspectives 
concerned with WKH QDWXUH DQG TXDOLW\ RI FKLOGUHQ¶V OHDUQLQJ H[SHULHQFHV 7KH
lessons plans that sit at the core of the teaching intervention could form the basis 
for designing a range of classroom activities that help children to extend their 
levels of understanding relating to certain environmental issues. Teachers may 
interact with curriculum materials in a number of ways: by strictly adhering to the 
materials, adapting them to meet personal needs, or using them as a source of 
inspiration (Brown & Edelson 2003). Indeed, the Society for Conservation 
Biology (Trombulak et al. 2004, p.1181) argues there is a need for educational 
templates that cover ecological principles that are applicable to all regions of the 
world, with the expectation that a teacher can tailor it to their specific region. 
Other studies (Appleton 2002KDYHIRXQGWKDW WHDFKHUVZLOORIWHQXVHµDFWLYLWLHV
WKDW ZRUN¶ LQ WKHLU FXUULFXOXP EHFDXVH WKH\ KDYH SURYHQ WR EH HIIHFWLYH LQ WKH
classroom. Further, Mulholland and Wallace (2005) find that beginning teachers 
rely heavily on materials that are readily available to them. Another issue 
regarding the use of curriculum materials is how they are aligned with learning 
goals and the standards outlined for teachers. Teachers must adhere to prescribed 
learning goals, usually in the form of standards and curriculum materials and must 
match the learning goals to fit within the curriculum needs of the classroom.  
Guidelines for developmentally appropriate practice, as suggested by Howitt, 
Morris and Colvilll (2007), indicate that an appropriate curriculum design should 
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EH EDVHG RQ FKLOGUHQ¶V GHYHORSPHQWDO FKDQJHV DQG VKRXOG PHHW WKHLU
developmental needs at various times. The current research provided students with 
a developmentally appropriate unit of work that progressively increased in 
conceptual depth and complexity. Findings from this study indicate that children 
are quite capable of learning about ecological concepts, even at the age of five and 
six years. Further, a number of these children are reasoning at a level well in 
advance of curriculum expectations and it is argued that current recommended 
practice in primary science needs to be rethought. The evidence in this study 
supports the arguments of others (e.g. Metz 1995, 1997; Tytler & Peterson 2003) 
that many current curricula, conceived of as age appropriate following a particular 
WUDGLWLRQ RI LQWHUSUHWLQJ 3LDJHW¶V ZRUN SODFH WRR ORZ DQ H[SHFWDWLRQ RQ \RXQJ
FKLOGUHQ¶V DELOLW\ WR HQJDJH ZLWK FRPSOH[ FRQFHSWV 'HVSLWH 3LDJHW¶V
overwhelming contributions to developmental education, in recent years his 
theory has been challenged. Other research indicates that Piaget underestimated 
the competencies of infants and preschoolers, leading many researchers to 
FRQFOXGHWKDWWKHPDWXULW\RIFKLOGUHQ¶VWKLQNLQJPD\GHSHQGon their familiarity 
with the task and the kind of knowledge sampled, as opposed to their age. Critics 
SRLQWRXWWKDW3LDJHW¶VVWDJHZLVHDFFRXQWSD\VLQVXIILFLHQWDWWHQWLRQWRVRFLDODQG
cultural influences and the resulting wide variation in thinking that exists among 
same-age children (Berk 2003). There have been calls for primary school science 
to avoid conceptual material that is reserved for secondary curricula. An 
Australian report into primary science and technology education claims that 
µVFLHQFHDWthe primary level is useful only if it intersects the lives of students. At 
this level, theory and concept are of little importance but practice and application 
DUH¶ (ATSE Education Committee 2002, p.5). Such views sell short young 
FKLOGUHQ¶V FDSDFLW\ WR Ueason conceptually. We need to resist the urge to deny 
young children the opportunity to engage with complex ideas, on the basis of their 
assumed restricted ability to reason. Such a view is unfortunately still current and 
widespread. 
Another key factor to student success is starting early. Numerous studies have 
shown that responsive intervention that begins in kindergarten or first grade is far 
more effective than instruction provided at higher grades (Chard et al. 2008; 
Koutsoftas, Harmon & Gray 2009; Menzies, Mahdavi & Lewis 2008; Mesmer & 
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Mesmer 2008). Importantly, students who received the types of instruction 
described abRYHLQHDUO\JUDGHVHJ.DPH¶HQXL	6LPPRQV 2002) had the best 
outcomes (Simmons et al. 2008). Students can benefit from instruction provided 
in later grades, but findings have shown that the instruction needs to be more 
intensive to be as effective (Eber et al. 2008; McComas et al. 2009). All of these 
data support the use of research-based instruction from the first day of school as 
the best way to meet the educational need of all students. 
Developmental research suggests that even before they begin formal schooling, 
young children have formed biological concepts that allow them to reason 
causally and make predictions about biological phenomena (Greif et al. 2006).  
7.2 Directions for future research 
This research has revealed potential areas in need of further investigation.  
This study was based upon a small sample of 25 students, all from a similar socio-
economic background and children who attended the two schools used in the 
study may not be representative of the general student population in most schools. 
A further study could assess a larger group of students from a broader and more 
diverse ethnic and economic background. It would be interesting to replicate this 
study with children in separate locations that differ both socially and culturally. 
This could be carried out by conducting the study in urban, rural and suburban 
locations throughout Australia. It could also be conducted internationally to look 
IRU VLPLODULWLHVDQGYDULDWLRQV LQFKLOGUHQ¶VXQGHUVWDQGLQJRI HFRORJ\ WKURXJKRXW
the globe. In this way the socio-cultural components that were not addressed in 
the current study, could be revealed. 
The teaching intervention, whilst deemed to be effective, was only four lessons 
long. Future research could implement a longer and more robust intervention, 
thereby providing the students with richer learning experiences and more chances 
to consolidate their conceptual learning. 
While this study followed children over three time points of data collections, it 
ZRXOG EH LQWHUHVWLQJ WR UHVHDUFK KRZ D FKLOG¶V HFROLWHUDF\ FKDQJHV RYHU DQ
extended period of time. Children are dynamic beings and are in a dynamic 
relationship with their natural environment. Conducting longitudinal studies of 
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children as they progress in age and maturity could provide insight into their 
ecoliteracy development and perhaps highlight shifts in attitudes, such as when 
VWXGHQWV¶LQWHUHVWLQVFLHQFHGURSVRII 
This study was conducted exclusively in the school environment, which forms 
RQO\ D SDUW RI WKH FKLOG¶VZRUOG 7KH FRQFOXVLRQV RI WKLV VWXG\ WKHUHIRUH KDYH
beHQEDVHGKHDYLO\RQFKLOGUHQ¶VWKLQNLQJZKLOVWDWVFKRRO7KHUHLVPXFKVXSSRUW
for teaching children about the environment in the environment, and if this type of 
data collection was done outside of the school environment, different patterns of 
FKLOGUHQ¶V thinking may emerge. Further, the use of a local species of animal as 
the teaching intervention case study animal would be ideal to use in future studies 
of this type. Research has shown that using familiar and relevant content increases 
DOHDUQHU¶VXQGHUstanding and motivations to learn.  
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Appendix A ± Student interview protocol 
 
INTERVIEW 
CODES: 
 
STUDENT NUMBER________ 
 
STUDENT NAME___________________ 
            
DATE___________ 
 
SEX_______ 
 
AGE_______  
 
BIRTHDAY (D/M/Y)________________ 
 
SCHOOL  
 
TEACHER  
 
DRAWING 
 
1 Tell me about your drawing. You can point to things so that I can see 
what you are talking about.  
 
2 What do you think penguins eat?  
3       What sorts of animals might eat penguins?  
4       Where do penguins live? Do all penguins live in the same place?   
 
5       What other animals live with penguins?  
 
6       Do penguins have any problems? What sort of problems 
7      What kind of things can we do to help the penguins?  
 
8       ,VWKHUHVRPHWKLQJHOVH\RXNQRZDERXWSHQJXLQVWKDW,KDYHQ¶WDVNHG" 
POST-INTERVENTION LESSON ONLY: 
9      Think back to our lessons on penguins. 
What part did you enjoy the most? Why? 
Which part helped you learn the most? Why? 
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DELAYED-POST-,17(59(17,2121/<´ 
10      Think back to our lessons on penguins. 
What part did you enjoy the most? Why? 
Which part helped you remember the most? Why? 
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Appendix B ± Teacher interview protocol 
 
TEACHER INTERVIEW  
 
 
1 ± What ecology/science related topics have you covered in the 
classroom, since the intervention? 
 
2 ± Have you observed the students utilising the metalanguage from 
the intervention? 
 
3 ± Since the teaching intervention in July, have you noticed any 
FKDQJHVLPSURYHPHQWVLQWKHVWXGHQWV¶HFROLWHUDF\" 
(e.g. use of terminology, transferring knowledge to other areas, asking 
questions about ecological concepts) 
 
4 ± Have the students mentioned what they learnt about penguins? 
Have they been able to transfer that knowledge to other areas? (i.e. 
creating linkages) 
 
5 ± Please comment on any individual developments that you have 
observed.  
 
6 ± If provided with complete lesson plans and list of required 
materials, do you see teachers utilising the intervention? 
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Appendix C ± Raw data of ecoliteracy scores 
 
Student Name Pre Post Delayed 
1 Brooke 5 9 10 
2 Rose 4 8 8 
3 Lucinda 3 10 9 
4 Isobel 5 9 9 
5 Mary 5 12 13 
6 Anna 5 9 12 
7 Mia 7 9 12 
8 Zara 6 9 10 
9 Aaron 3 10 10 
10 David 2 7 13 
11 Daniel 8 12 11 
12 Jett 3 13 12 
13 Ashton 8 12 7 
14 Sean 6 9 11 
15 Claudia 7 9 9 
16 Audrey 4 8 7 
17 Amy 7 13 12 
18 Sofia 7 12 9 
19 Jade 11 12 12 
20 Olivia 8 13 12 
21 Sarah 8 12 8 
22 Chelsea 6 12 8 
23 Molly 7 12 10 
24 Luca 7 8 13 
25 Callum 6 10 7 
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Appendix D ± Student interview protocol for pilot study 
 
INTERVIEW 
CODES: 
 
STUDENT NUMBER________ 
 
STUDENT NAME______________________ 
         
DATE___________ 
 
SEX________ 
 
AGE_______  
 
BIRTHDAY_________________ (D/M/Y) 
 
SCHOOL   
 
TEACHER  
 
DRAWING 
 
3 Tell me about your drawing. You can point to things so that I can see 
what you are talking about. (free narrative, annotate drawing) 
 
4 What do you think these birds eat?  
 
3 Have you seen birds eating? Where was this and what were they 
eating?  
 
11       Does anything eat birds?  
 
Y______ N_______ Unsure_______ 
         
 ,I<7HOOPHPRUHDERXWWKDW« 
What sorts of things eat them?  
  
 
12       Where do these birds live? Do all birds live in the same place?   
 
13       What other animals might live with these birds?  
 
14       Do these birds have any problems? What sort of problems? 
 
15       ,VWKHUHVRPHWKLQJHOVH\RXNQRZDERXWELUGVWKDW,KDYHQ¶WDVNHG" 
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Appendix E ± HREC ethics approval 
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Appendix F ± SERAP ethics approval 
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Appendix G ± School principal consent form 
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Appendix H ± Parent/guardian consent form 
 
 
 
School of Biological Sciences
The University of Sydney
      ABN 15 211 513 464   
 
  Melissa Slarp / Dr Charlotte Taylor 
 Chief Investigator / Supervisor 
Room 125
Macleay Building A12
The University of Sydney NSW 2006
AUSTRALIA
Telephone:   +61 2 9351 5788
Facsimile:    +61 2 9351 4119
Email: Melissa.Slarp@sydney.edu.au
Web: www.sydney.edu.au
 
 
 
PARENTAL (OR GUARDIAN) CONSENT FORM 
 
 
I,........................................................agree to permit 
«««ZKRLV 
 
aged ........................ years, to participate in the research project ± 
 
TITLE: Are 5 year olds Ecologically Literate? 
 
In giving my consent I acknowledge that: 
 
1. I have read the Participant Information Statement and the time involved for my 
FKLOG¶VSDrticipation in the project. The researcher/s has given me the opportunity to 
discuss the information and ask any questions I have about the project and they have been 
answered to my satisfaction. 
 
2. I understand that I can withdraw my child from the study at any time 
without prejudice to my or my child's relationship with the researcher/s 
now or in the future. 
 
3. I agree that research data gathered from the results of the study may be 
published provided that neither my child nor I can be identified. 
 
4. I understand that if I have any questions relating to my child's participation 
in this research I may contact the researcher/s who will be happy to 
answer them. 
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5. I acknowledge receipt of the Participant Information Statement. 
 
6. I understand that my child can stop the interview at any time if they do not 
wish to continue, the audio recording will be erased and the information 
provided will not be included in the study.  
 
7. I consent to: -  
  
 i) Audio-taping    YES Ƒ NO Ƒ 
 
 ii) Receiving feedback YES Ƒ NOƑ 
 
    ,I\RXDQVZHUHG<(6WRWKH³5HFHLYLQJIHHGEDFN´TXHVWLRQLLSOHDVHSURYLGH
your details 
 
  
 
 
Feedback Option 
  
 Address: 
__________________________________________________________ 
 
 
__________________________________________________________ 
 
 
Email: 
__________________________________________________________ 
 
 
 
 
 
 
 ...................................................... 
Signature of Parent/Guardian 
 
 ...................................................... 
Please PRINT name 
 
 ...................................................... 
Date 
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Activity Teacher Students Key Concepts Resources Time 
KWL 
chart 
 
- Lead class discussion on what  
  students know (K) and want to  
  know (W) about penguins 
- Share what they know and want to   
   know about penguins 
 teacher gathers chns pre-
existing knowledge (K), chn 
can direct future learning (W) 
 butchers 
paper  
 marker 
5 
World 
map 
work 
- Introduce images of different  
  types of penguins (diversity) 
 
- Put images in correct positions  
  and discuss (habitat) 
 
- Discuss spp. they know & learn 
about new ones 
- On world map, identify key areas 
WKDWFK¶QPHQWLRQHGLQ3LORW
(Australia, North Pole, Antarctica) 
-  Volunteers stick penguin images 
on map where they think they live 
 all in Southern Hemisphere 
 not just Antarctica 
 1 spp. In Australia 
 generally live/nest in remote 
areas (to avoid land predators) 
 spend up to 75% of time in 
sea therefore live near sea 
 world map 
 penguin     
 images 
10 
Body 
map 
- Have students stand and 
pretend  they are a world map 
- Instruct them to put their hands   
  on their waist. Their waist is the  
  equator 
- Ask students to tap themselves  
  where various P. species  live 
Q - Where is the North Pole?  
      (top of  head)  
Q - Where is the South Pole? (toes) 
Q - Where does this penguin live? 
       (Galapagos ± left hip, Emperor  
± feet, Rockhopper ± left knee,  
        Little ± right knee) 
  physical reinforcement that 
all penguins live in Southern 
Hemisphere and in various 
places 
N/A 10 
Lesson 1 
Lesson Title Introduction, Diversity & Habitat 
Lesson Aim To gather pre-existing class knowledge of penguins and to introduce diversity of penguin species and where they live 
Outcomes  Science & Technology: LTES1.3  HSIE: ENES1 
Values & Attitudes Science & Technology: VA5  HSIE: EA1 
EEP K1, V1 
QTF DK, DU, M, E, HE, SD, C 
Resources World map, penguin images, butchers paper, marker 
www.penguinworld.com/types/map.php (Antarctica-centred map that shows distribution of all 17 spp. of penguin) 
Vocabulary Southern Hemisphere: the half of the Earth south of the equator 
Equator: imaginary/pretend line going around the middle of the Earth, separating the Northern and Southern hemispheres 
Antarctic: south polar region     Arctic: north polar region 
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Lesson 2 
Lesson Title Food chains 
Lesson Aim To understand what a food chain represents and to be able to construct one for the Little Penguin 
Outcomes  Science & Technology: LTES1.3, LTS2.3, LTS3.3     HSIE: ENES1, ENS1.6, ENS2.6 
Values & Attitudes Science & Technology: VA5      HSIE: EA1, EA2, EA3, EA4 
EEP K1, K2, S2, S3, V1 
QTF DK, DU, HOT, M, E, HE, SS, BK, KI, I, C 
Resources Butchers paper, marker, felt boards, laminated food chain images 
Vocabulary Food chainDSLFWXUHWKDWVKRZVµZKRHDWVZKR¶ 
Predator: an animal that hunts and eats other animals     Prey: an animal eaten by other animals 
 
Activity Teacher Students Key Concepts Resource Time 
Vocab 
work 
- Introduce vocab words and write up on 
paper 
- Discuss special tools that: predators 
have to help them hunt, prey have to 
help hide 
- Share what they think the words mean 
- Discuss tools that predator and their 
prey have to help them 
 Predator tools: fast legs, sharp teeth, 
camouflage, large size, claws, sensitive ears, 
eyes & nose 
 Prey: speed, able to freeze, camouflage, bad 
tasting skin, warning coloration, armour 
 Butchers 
paper 
 Marker 
10 
Food 
chains 
- Work through generic example     
   of a food chain (bird) 
 (sunÆflowerÆcaterpillarÆbird) 
- Focus on Little Penguin 
 
- As a class, make bird food chain  
- In pairs, construct food chain for  
  the /LWWOH3HQJXLQKROGERDUGµSRUWUDLW¶
style. Place the Little Penguin in the 
middle, and put predators above and prey 
below) 
 All energy comes from the sun 
 Students familiarise themselves with the 
LPDJHVDQGQDPHVRI/LWWOH3HQJXLQV¶
predators and prey 
 Felt 
boards 
 Food 
chain 
images 
25 
Class 
disc. 
& 
problem 
solving 
- Lead class discussion on  
  KXPDQV¶SRVLWLRQLQIRRGFKDLQ 
- Pose question of what would  
  happen if food chain was broken   
  (adding/removing elements) 
Q ± are humans predators or prey? 
Q ± What tools do humans have? 
Q ± What would happen if we take away 
fish (overfishing)? 
Q ± What would happen if we added 
foxes (introduced predator) 
 Consider where humans sit in the food chain 
and what role they play in keeping the 
balance 
 Assesses environmental problems and 
considers outcomes and possible solutions 
 
N/A 10 
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Lesson 3 
Lesson Title Habitat & Behaviour 
Lesson Aim To introduce varied habitats of penguins and focus on the behaviour of the Little Penguin 
Outcomes  Science & Technology: LTES1.3, LTS1.3, LTS2.3  
Values & Attitudes Science & Technology: VA5 
EEP K1, V1 
QTF DK, DU, HOT, M, SC, E, HE, SS, BK, KI, I, C 
Resources :RUOGPDS$KDELWDWSRVWHUVERRNµ7KH3HQJXLQ7KDW:DONV$W1LJKW¶E\3DXOLQH5HLOO\ 
Vocabulary Habitat: where an animal lives      Rookery: where penguins live and breed 
 
Activity Teacher Students Key Concepts Resource
s 
Time 
Poster 
chat 
Q: where do penguins live? 
- encourage PRUHWKDQµLFH¶HJ
WKHUHDUHQ¶WLFHEHUJVLQ$XVWUDOLDVR
where else could they live?) 
- show habitat posters and discuss 
- open sharing of where students think 
penguins live 
- students hold up habitat posters and 
consider the variation in habitats 
 Habitats include: ice, ocean, land, beach, 
rocks, burrow, lava rocks, bushes, nests, 
roads 
 Commonality b/w all habitats = water 
 Link habitat posters back to map 
 Habitat 
posters 
 World 
map 
15 
Story - Focus on the Little Penguin 
- 5HDGµ7KH3HQJXLQ7KDW:DONVDW
1LJKW¶ 
- Students reiterate the Little 
3HQJXLQ¶VKDELWDW 
- listen to the story and pay attention 
to behaviours that the penguins exhibit  
 Little Penguins spend the day at sea, only 
venturing across land at dawn or dusk (to 
avoid predators) 
 At night they congregate at their burrows 
 Book 10 
Drama - Assist kids in acting out story: 
1 ± Little Penguins out hunting 
(swimming and fishing) 
2 ± Come onto shore after a day of 
fishing (waddling) 
3 ± Dig a hole, make a nest and lay 
2 eggs (breeding) 
- as a class, act out story, paying 
particular attention to penguin 
behaviour: 
  - waddling: penguins walk by    
    swinging one leg in front forward  
    and then the next 
- their wings act as flippers 
   -their webbed feet act as paddles 
 by acting out the story, students embody 
the Little Penguins journey in a typical 
24 hour period 
 
N/A 10 
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Lesson 4 
Lesson Title Environmental Issues & Conclusion 
Lesson Aim To understand some of the dangers affecting the Little Penguin and to consider associated solutions 
Outcomes  Science & Technology: LTS2.3, LTS3.3      HSIE: ENES1, ENS1.6, ENS2.6, ENS3.5, ENS3.6 
Values & Attitudes Science & Technology: VA2, VA5, VA6, VA7      HSIE: EA1, EA2, EA3, EA4 
EEP K1, K2, K3,  K5, S2, S3, S4, S5, V1, V3 
QTF DK, DU, HOT, M, SC, E, HE, SD, BK, KI 
Resources (QYLURQPHQWDO,VVXHVSRVWHUVERRNµ2LO6SLOO¶E\7ULFLD2NWREHU.:/FKDUWIURP/HVVRQ 
Vocabulary Pollution: harmful materials or effects in the environment         Solution: the (possible) answer to a problem 
 
Activity Teacher Students Key Concepts Resources Time 
Image 
chat 
Q ± what problems do penguins 
have?  
- show students the posters and lead 
the conversation to the problem 
occurring and possible solutions 
- open discussion on what problems 
penguins may have 
- 1) Discuss the problem 
- 2) Offer a solution 
 most children will begin with 
problems that are 
DQWKURSRPRUSKLFHJ³KDVQR
IULHQGV´7KHLPDJHVKHOSGLUHFW
kids to consider environmental 
issues 
Environmental 
Issues posters 
15 
Book; 
µ7KLQN
Pair, 
6KDUH¶ 
- 5HDGµ2LO6SLOO¶ 
- ([SODLQµ7KLQN3DLU6KDUH¶
activity (students think of an issue 
affecting penguins, they then 
discuss it with another student, 
before sharing it with the class) 
- listen to story  
- ³,Whink ____ is harmful to penguins 
EHFDXVHBBBB´ 
- ³:HVKRXOGFDQBBBBVRWKDWBBBB´ 
 the book depicts the problems of 
an oil spill and the strategies 
involved in fixing the problem 
 students are encouraged to 
consider a problem and pose a 
solution  
Book 15 
Disc.; 
KWL 
chart 
Q ± Why is it important to help the 
penguins? 
- Lead class discussion on what they 
have learnt (L) about penguins 
- students offer their thoughts and ideas  
- share what they have learnt about 
penguins  
 completing the KWL charts 
allows students to see how far 
they have come 
KWL chart 15 
 
 
